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It is a well-known phenomenon that when an a.c. field is generated in metallic coils eddy 
currents are set up in the core. The resultant loss of energy can be minimized, in the case 
of low frequencies, by using a laminated core with insulation between the plates. The 
higher the frequency, however, the finer the distribution of the core laminations has to be, 
and as a matter of fact for rather high frequencies cores are being used that are made up of 
wire and even grains (so-called dust cores); in the latter kind the lines of force run in part 
through the non-magnetic insulation of the grains, so that there is always a fairly large 
minimum “air-gap’’. 

Entirely new methods have become possible as the result of researchwork with ferrites, 
substances of the type of MFe, O,, with M denoting a bivalent metal. Some of these ferrites 
have a cubic structure and are capable of forming mixed crystals in any proportions. With a 
few exceptions these non-metallic substances are ferromagnetic. Their specific resistivity 
is 10’-10!2 times as high as that of iron, so that the problem of eddy currents is relegated 
entirely to the background, even in the range of radiofrequencies and without laminations. 
By suitable composition and heat treatment it is also possible to keep the hysteresis and 
residual losses relatively low, whilst the initial permeability may be of the order of 1000. 
By means of a pressure or spraying process this material, called “Ferroxcube”, can 
be moulded into various shapes, and coils of improved quality or smaller volume have been 
made with it for different purposes. Thanks to its being homogeneous it makes a good 


,. 


cm 
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magnetic screen. 


Metallic and non-metallic ferromagnetics 


Magnetic properties were most probably dis- 
covered in non-metallic substances much sooner 
than in metals. Anyhow magnetite (magnetic 
iron ore, Fe,0,) was known in ancient times as a 
non-metallic ferromagnetic mineral. 

It was not until the nineteenth century that any 
real technical use was made of these magnetic pro- 
perties, except for compasses. And when, following 
upon the epoch-making discoveries of Faraday 


and others, an electrotechnical industry sprang up 


and a demand arose for suitable magnetic materials, 


_ it was not these minerals that were sought but rather 
- iron or alloys with iron as basic component; magne- 


tic oxides were considered to be nothing more than a 


scientific curiosity. 
When it came to using metallic cores in magnetic 


alternating fields one very soon came up against the 


phenomenon of eddy currents discovered by 


Foucault, and the losses due thereto. In order 

to reduce these losses one proceeded to laminate 

the cores; this offered the additional advantage that 
ae ; . 
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the plate-shaped material could be properly puri- 

fied by annealing, thereby improving its maguetic 

properties. By simple deduction one can arrive at 

the following formula for the eddy current losses 

W, of a laminated core (assuming the magnetic 

induction to be equal at all points of a core section): 
2 


4 d a 
W, 5 (af Bax)? —- V-10-° watt (1) 
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Here f is the frequency in ¢/sec., Bmax the ampli- 
tude of the magnetic alternating induction in gauss, 
d the thickness in cm, s the specific resistance of the 
core material in ohm. cm, V the volume of iron in em® 
and a the so-called form factor, which in the case of 
an induction sinusoidally variable with time 
amounts to 2/2)/2 = 1.11. 

This formula shows that there are only two ways 
of reducing eddy current losses for a given frequency 
and induction, viz: 

1) by reducing the plate thickness (d); 
2) by increasing the specific resistance (s). 
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The thinner the sheet is rolled from which the 
core plates are punched or cut out, the better it 
will be purified by the subsequent annealing, but 
on the other hand this means increased cost of 
manufacture, more time in stacking the plates to 
form a core of certain dimensions and more loss of 
space owing to the necessary insulation between the 
laminations. As a result it is found that there is a 
certain limit for the optimum plate thickness, which 
for the frequencies of the electric light and power 
mains (40-60 ¢/sec) lies between 0.5 and 0.3 mm. 

To a certain extent the building-up of cores out 
of laminated material has its attractions for the 
coil-maker, because cores of different sizes can be 
made with identical parts simply by varying the 
number of plates going to make up the stack, but 
this method costs time, a factor that counts parti- 
cularly in mass manufacture. There is no doubt, 
therefore, that if it were possible from the point of 
view of eddy current losses, it would in many cases 
be preferable to employ solid cores such as can now 
be made in sufficient purity by the modern methods 
of refined melting. 

As to the second method of reducing eddy current 
losses, by increasing the specific resistance, in spite 
of extensive metallurgical research it has not been 
possible to find magnetic iron alloys with a specific 
resistance higher than about five times that of pure 
iron, which is 10° ohm. cm. Although even this 
figure was a considerable step forward, it was by 
no means sufficient to satisfy the requirements of 
mode:n de elopments in telephone and radio tech- 
nology with their so much higher frequencies ac- 
centuating the problem of eddy current losses. 

Consequently — still holding fast to metallic 
cores — one was obliged to go farther in the direc- 
tion of a finer distribution of the core material, 
and as a result so-called dust cores were intro- 
duced, consisting of fine grains of metal enclosed in 
an insulating envelope and compressed into a con- 
glomerate of the greatest possible density. The cost 
of manufacturing such a finely divided powder is 
only a fraction of that of laminations of a thickness 
equalling the diameter of the grain. To draw a wire 
of that diameter would be still more expensive. 

It was, of course, realized right from the outset 
that the introduction of powder cores involved a 
considerable loss of permeability, since the 
numerous granules are separated by insulating 
layers acting magnetically as “air-gaps”. Every 
endeavour has been made to minimize this draw- 
back, and not without some degree of success, as 
will appear from what follows, 

Loading coils with a core composed of metal 


PHILIPS TECHNICAL REVIEW 


VOL. 8, No. 12 


granules 50 microns and less in diameter have been 
developed for frequencies up to 3000 ¢/sec, and with 
an effective permeability of the core material as 
high as 125. From this it can be calculated that less 
than 1/125 = 0.008 of the total length of the lines 
of force is occupied by non-magnetic material, so 
that the thickness of the insulating envelope around 
the grains is less than 0.008 x 50 = 0.4 micron 
(presumably about 0.2 micron). To attain such a 
result as this an extremely refined technique had 
to be developed for applying such thin layers to the 
grains, and it is obvious that any further appre- 
ciable improvement in this direction can hardly 
be expected. 

In order to limit eddy current losses sufficiently 
for the so much higher frequencies used in radio- 
technics, the size of grain had to be very drasti- 
cally reduced, thereby taking into the bargain, of 
course, a further diminution of effective permea- 
bility. 

It is not surprising that in the course of these 
developments the idea frequently occurred to try a 
different tack altogether and to replace the iron or 
nickel alloys by non-metallic substances, such as 
certain magnetic iron oxides having a very high 
specific resistance. In fact there are two patent 
specifications of Hilpert dating from 1909 con- 
cerning the use of ferrites for ferromagnetic coil 
cores for high frequencies. The specific resistances 
of 10°-10’ ohm cm. quoted as the maximum values 
for these ferrites contrast strongly with those of 
the usual metallic core materials, for which only 
with great difficulty a figure of 5:10~° ohm em. has 
been reached. The gain to an amount of a factor 
10'°-1012 when using ferrites is quite sufficient 
to relegate the problem of eddy current losses 
entirely to the background, but notwithstanding 
this fact the results do not seem to have been en- 
couraging; at least nothing further has been repor- 
ted in that respect. 

In 1933 Philips laboratories started an investi- 
gation into the magnetic properties of ferrites 1), 
and it was found that the ferrites mentioned by 
Hilpert do indeed have rather unsatisfactory 
properties, viz: 

1) low initial permeability (not much over 10), 

2) inconsistency in results, 

3) still rather high total losses notwithstanding the 
negligible eddy current losses. 

Nevertheless Philips’ investigations were conti- 
nued and it has now in fact been found possible 
to make ferrites with favourable magnetic pro- 


*) See J. L. Snoek: New developments in magnetic mate- 


tials. Elsevier Publ. Co., New York and Amsterdam, 1946. 
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perties. But first of all let us consider what ferrites 
actually are, so as to make it clear presently in what 
direction this solution had to be sought. 


What are ferrites ? 


Ferrites are understood to be substances 
answering to the formula MFe,O,, in which M repre- 
sents a bivalent metal. Ferrous-ferrite Fe,0, 
(the magnetite previously mentioned), cupri- 
ferrite, CuFe,0,, lead-ferrite, PbFe,O,, etc. are 
already known, and in the beginning of this century 
these substances were regarded rather as the salts 
of an acid, HFeO,, and bivalent metals. 

Some of these ferrites are cubic in structure, 
a point of great importance in view of the fact that 
a high temperature, 1000-1400 °C, is required for 
their manufacture, to which we shall revert later. 
It is in fact only with the cubic structure that 
shrinkage during cooling is equal in various direc- 
tions, so that with a substances of a cubic structure 
cooling need not cause internal stresses. At the 
time when this investigation into the properties 
of magnetic oxides was begun, it had just been made 
apparent from the theories of Kussmann, Becker 
and Kersten that the absence of stresses was an 
essential condition for high initial permeability 
and low hysteresis losses. Consequently iuvesti- 
gations were confined to ferrites of the cubic system 


Conditions fer cbtaining ferrites having favcurable 
properties 


Condition for a cubic structure 


According to Goldschmidt’s 
research the crystal structure depends, inter alia, 
upon the diameters of the ions, and this is borne out 
by the fact that from cubic Fe,O, other likewise 
cubic ferrites can be derived when the bivalent 
ferro-ion is replaced by a bivalent ion of 
approximately the same diameter as the 
ferro-ion. This essential condition is not always 
sufficient, however, to guarantee a structure that is 
stable also at room temperature. Cupri-ferrite 
(CuFe,0,), for instance, has the tendency upon 
cooling to assume a tetragonal structure; though 
by rapid cooling from 900 °C downwards it is pos- 
- sible to keep this ferrite in its cubic form at room 
temperature. Such quenching, however, leads to 
internal stresses and possibly even to fracture, so 
that for our purpose cupri-ferrite is of no use. 

A table of the radii of ions shows what bivalent 
ions can be considered for replacing the ferro-ion 
in Fe,0,, and below in table I the radii of these 
ions are given, together with the radius of the ferro- 


crystallographic 


_ ion for comparison. 
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Table I 

Metal | Radius of the 

bivalent ion 
Iron 0.83 
Magnesium 0.78 
Manganese 0.91 
Cobalt 0.82 
Nickel 0.78 
Copper 0.83 
Zine 0.83 
Cadmium 1.03 


For so far as is known, the ferrites of the metals 
listed in this table form mixed crystals in all pro- 
portions, and these mixed crystals can also be con- 
sidered for our purpose. The ferrites of the two last- 
named metals, zinc and cadmium, occupy a very 
special place, as will be explained below. 


Details of the structure of ferrites *) 


As shown from a réntgenographical investigation 
by W. H. Bragg *), an elementary cell of a ferrite 
consists of eight molecules, this being expressed, 
in the case of ferro-ferrite for instance, by the for- 
mula Fe,’* Fe,,°* Oz.” , in which the charges of the 
atoms present in the form of ions is indicated at 
the same time. 

Owing to their negative charge the oxygen ions 
are much larger than the positively charged metal 
ions. They form a cubic system of spheres. In a 
part of the interstices of this oxygen lattice are the 
metal ions, arranged in a manner characteristic 
of the structure. In ferrites these metal ions are 
arranged like the magnesium and aluminium ions 
in the mineral spinel, MgA1,0,, for which reason 
one speaks of the spinel structure. Now be- 
tween the oxygen ions in this structure there 
appear to be two kinds of positions in which the 
metal ions may be found, namely so-called tetra- 
hedral interstices, each bounded by four oxygen 
ions located at the corners of a tetrahedron, and 
so-called octahedral interstices bounded by eight 
oxygen ions forming an octahedron. In each ele- 
mentary cell there are 8 tetrahedral — and 16 
octahedral — places occupied by metal ions. In 
spinel it is most probable that the 8 tetrahedral 
spaces are all occupied by magnesium ions and the 
16 octahedral spaces by aluminium ions. 

It might then obviously be assumed in the case 


2) A more extensive article on the structure of ferrites and 
allied compounds. which are also of electrotechnical inte- 
rest, will be published shortly in this periodical. 

8) Phil. Mag. 30, 305, 1915. 
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of the ferrites that the 8 bivalent metal ions occupy 
the 8 tetrahedral spaces and the 16 ferric ions the 
16 octrahedral spaces, but a closer examination 
reveals that this is only the case with two of them, 
zine ferrite, ZuF'e,O,, and cadmium ferrite, CdF'e,0,; 
in all other known ferrites the bivalent metal ions 
and the ferric ions are distributed among both 
kinds of interstices. This surprising fact is of great 


importance in more than one respect. 


Condition for the occurrence of ferromagnetism; 


“ Ferroxcube’’. 


Zine ferrite and cadmium ferrite, while 
being the only known simple ferrites in which the 
ferric ions are found exclusively in the octahedral 
interstices, are at the same time the only non- 
magnetic ones. Obviously, therefore, there must be 
some connection between these two facts, but it 
would take us beyond the scope of the present ar- 
ticle to go more deeply into this, so that we will 
merely state that the presence of ferric ions in 
the tetrahedral spaces seems to be an essential 
condition for ferromagnetism. 

As already remarked, the cubic ferrites in ques- 
tion can form mixed crystals in all proportions. It 
has been found that under favourable conditions 
mixed crystals of magnetic with non-magnetic 
ferrites — particularly zinc ferrite — may have 
very high values of initial permeability (,). In 
table II the value of jw is given for some simple 
ferrites, and in table III that of some mixed crystals 
obtained by adding zinc ferrite. 


Table II 


Initial 


Ferrite permeability pu» 


Fe Fe, O, (normal) appr. 10 
Fe Fe, O, (stress-free) appr. 70 
Cu Fe, O, (quenched) appr. 70 


Mg Fe, O, max. appr. 10 
Ni Fe, O, max. appr. 10 
Co Fe, O, scarcely > 1 

Mn Fe, O, max. appr. 250 


but inconsistent 


Table Til 


Initial 


Mixed 
ae ct a permeability py 


Cu Fe, O, + Zn Fe, O, appr. 1500 
Mg Fe, O, + Zn Fe, O, appr. 700 
. MnFe, O, + Zn Fe, 0, appr. 3000 
Ni Fe, O, + Zn Fe, 0, appr. 4000 
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From suitably chosen and treated mixed crystals 
Philips have manufactured ferrites which are being 
marketed under the trade name “Ferroxcube’’, 
indicating the cubic structure of these substances. 
By varying their composition or the heat treatment 
different grades, denoted as “Ferroxcube” I, II, 
III, etc., are obtained with widely divergent pro- 
perties. The technical uses of these ferrites will be 
mentioned farther on. 


Special measures to obtain high permeability 


High permeability is obtained when there is no more than a 
slight interaction between the minute elementary magnets 
and the crystal lattice of the substance. The energy of inter- 
action found in the undisturbed lattice is called crystal 
anisotropy, and this is known to assume very low values 
round about the Curie point, i.e. the temperature at which 
the ferromagnetism of a substance disappears and gives place 
to paramagnetism. This phenomenon is turned to account in 
the manufacture of “Ferroxcube”, the Curie point being 
lowered, by the addition of the non-magnetic zinc ferrite, 
from several hundred degrees Celsius to a level approaching 
room temperature. : 

As a rule, however, the erystal lattice is disturbed by inter- 
nal stresses, due in part to magneto-striction. By magneto- 
striction is understood the spontaneous distortion occurring 
when the material is magnetised; it is said to be positive when 
under increasing magnetisation elongation takes place and 
negative when shrinking occurs. 

The materials most suitable for obtaining very high permea- 
bility are therefore those showing little magneto-striction, 
provided care is also taken to keep the internal stresses low 
(annealing at high temperature; homogeneous cubic structure). 
It has been found quite simple to get this low value of magneto- 
striction, especially in the case of “Ferroxcube’”’ III, due in 
part to the fact that by mixing different ferrites both positive 
and negative values of magneto-striction are easily obtained. 
By mixing in the correct proportions magneto-striction can 
in fact be reduced to almost nil. 


Condition for a high specific electric resistivity 


Magnetite, Fe, O,, has the comparatively low 
specific electric resistivity of 10~ ohm cm (at room 
temperature). Other ferrites in which the ferrous 
ion has been replaced by another bivalent metal ion 
have a specific resistance of the order of 105-107 
ohm cm. In cases, however, where only a small part 
of these metal ions are ferrous ions a specific resis- 
tivity of 102-104 ohm cm. is found. 

Consequently in order to reach the highest pos- 
sible resistivity the presence of ferrous ions should 
be avoided. For all practical purposes it is not neces- 
sary that they should be entirely absent, because a 
value of say 100 ohm em. is no objection for a core 
thickness of about 1 cm and frequencies up to 
about 10° ¢/sec. 
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The low specific resistivity of Fe,0, has been ascribed to 
the fact that both ferrous and ferric ions appear in the same 
kind of interstices in the crystal lattice. Such an explanation is 
plausible if it is assumed that an electron is taken from a 
ferrous ion and added to a ferric ion, so that the former 
becomes ferric and the latter ferrous. Since both kinds of ions 
are in fact present in similar places such an interchange does 
not essentially alter the structure. This means that such a 
displacement of electrons may easily occur, or in other words 
there is a considerable conductivity. 


Losses and quality of coils 


Separation of the losses 


In the foregoing we have seen that it is possible 
to compound ferrites having a high permeability 
and a high specific electric resistivity. Thanks to 
the latter property the eddy current losses will 
generally be small, but these are not the only 
losses occurring, as was apparent from the experi- 
ments with Hilpert’s materials. And in nearly 
all the uses to which coils are put the total losses 
of energy in the coils have some influence upon the 
properties of the oscillatory circuit or the filter 
of which the coil forms a part. These losses, there- 
fore, call for some further consideration. 

The total losses in a coil through which an alter- 
nating current is flowing with an angular frequency 
@ = 2af can be accounted for in a replacement 
diagram by assuming a resistance R to be connected 
in series with a self-induction L. This loss resistance 
comprises in the first place the direct current resis- 
tance of the coil increased by a factor due to “skin 
effect’, and further a part representing the dielectric 
losses, whilst finally another part corresponds to the 
magnetic losses. Since, however, we are only 
concerned here with the last mentioned losses the 
other two parts of R can be left out of consideration, 
so that in the following R represents only the mag- 
netic losses. 

The magnetic losses are made up of three compo- 
nents: eddy current losses, hysteresis losses and 
residual losses. It is possible that the last men- 
tioned are related to the so-called after-effect 
phenomena‘). 

It is important to consider the ratio of R to the 
product of the permeability , the frequency f and 
the self-induction L. This ratio, the significance of 
which will be explained below, can be agreed with 
the above-mentioned division of the magnetic 
losses by writing it as follows: 


spi= b Binas tof + ef): saute (2) 


‘Here the hysteresis losses are represented by the 


4) Philips Techn. Review, 8, 57, 1946 (No. 2) 
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hysteresis constant cy, (a material constant) 
multiplied by the maximum induction B,,,,. whilst 
the eddy current losses are represented by the product 
of the frequency f and a factor c, depending not 
only on a material property (e.g. specific resis- 
tance) but also on the shape and dimensions of the 
core — for instance for a core with circular cross- 
section (diameter D cm). 

io? AW 


Ce = — 


2 @ 


(3) 


- 10° sec. 


The residual losses are represented by the term 
cy (f), which depends upon the frequency. 


Signification of the quantity R/u fL 
The left-hand member of eq. (2) can also be 
written in the form: 
Re _ 2a 'R 2 Toe RL 
if tae end: 


(4) 


in which Q is the so-called quality factor and 
6 the angle of loss. Thus the expression R/jifL 
appears to differ only by a factor 2 from the quan- 
tity (tan 6)/u, which is of importance when deter- 
mining the effect of an air-gap in the magnetic 
circuit (the application of an air-gap is an easy 
means of adjusting the self-induction of a coil). 
If L is the self-induction of a coil on a closed core 
of a material with permeability , and L’ the self- 
induction obtained by applying an air-gap in the 
original core, then for the latter core (incl. air-gap) 
an “effective” permeability w’ can be taken, de- 
fined by: 
‘ L' 
aor rr ee 


If 6 is the loss angle of the original coil and 0’ 
that of the coil with air-gap, it can be deduced with 
fair approximation that 

tgd tg 0’ 
Ried eR eae Ne BC} 
Be Se 


Strictly speaking (tan 6)/y is not invariable but 
tg 6 

u(1 + tg? 4) —1 
Since, however, only low values of tan 6 are of interest (small 
in comparison to unity), in practical use tan? 6 with respect 
to unity can be ignored. If, moreover, one has to do with values 
of u or p’ that are large in comparison to unity, the expression 
(6) will not differ appreciably from the approximated form (5). 


From equation (5) it follows that a reduction 
of « to wv’ is accompanied by a proportional reduc- 
tion of tan 6, that is to say there is a raising of the 
quality factor (Q). The gain to be obtained in this 
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way is all the greater according as the original per- 

meability is higher. 

In principle the same applies, it is true, to dust 
cores, where the high permeability 1 of the insulating 
lavers results in a low effective permeability, but 
aa apart from the more favourable behaviour at 
high frequencies — the homogeneous “Ferroxcube” 
material has the advantage over dust cores in three 
important respects: 

1) one is quite free in selecting the air-gap most 
favourable for each individual case; the dust 
core, on the other hand, has as it were a “built- 
in”, air-gap, which cannot be made smaller; 


tgd 
i x 105 


/ Rae eet EE 
10° 5 fot = 2 
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highest level at which the material is useful for 
practical purposes, and for “Ferroxcube” III 
— the permeability of which is about 1000 — the 
frequency limit lies at approximately 0.5 - 10° c/sec. 

In the case of ferrites the losses are usually 
formed for the greater part of the residual losses. 
Investigations carried out with the object of finding 
materials with a higher frequency limit had there- 
fore to be directed primarily towards lower residual 
losses. It was found, however, that this could orly 
be attained at the cost of permeability. In many 
cases it appeared, for instance, that whereas the 
absence of ferro-ions was favourable in respect 


Sih? 
—> per/sec 
48528 


Fig. 1. The quantity (tan 5)/u as function of the frequency f for “Ferroxcube”’ III. 
The permeability of this material is about 1000. The frequency limit where tan 3 


reaches 6- 10-2 lies at about 0.5 - 108 c/s. 


2) a much more effective magnetic screening can be 
obtained than with the heterogeneous dust 
core material (this will be reverted to when 
dealing with the application of “Ferroxcube”’); 

3) the magnetic induction in the homogeneous 
“Ferroxcube” is much more uniformly distri- 
buted than in the grains of a powder core; this 
is favourable for arriving at low hysteresis 
losses. 


Loss angle as function of frequency 


In fig. 1 the quantity (tan 6)/« of “Ferroxcube” 
ITI is set out as a function of the frequency. It will 
be noted that with rising frequency it first increases 
gradually and later at a faster rate. The frequency 
_ at which tan 6 reaches 6.10% is regarded as the 


to residual losses at high frequencies, for a high 
permeability their presence was essential. The 
highest frequency limit so far reached, about 
40-108 c/sec, was obtained with a nickel-zinc 
ferrite having an initial permeability of about 
50 and containing no ferious ions. 


Shaping and mechanical properties 


Before proceeding to deal with some of the 
applications of “Ferroxcube” we will briefly men- 
tion something about its manufacture. 

Simple forms such as discs, rings, cubes and the 
like are made by ‘compressing the powdered base 
material in the dry state in steel moulds. ! 

Long, cylindrical shapes (rods or tubes of different 
diameters) are obtained by mixing the powdered 
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material with a binder to forma plastic mass, which 
is then forced through an aperture of the size re- 
quired. 

The objects turned out in this manner are then 
annealed in an electric oven to temperatures be- 


46/36 
Fig. 2. Some specimens showing the shapes in which compo- 
nent parts of “Ferroxcube” can be made. The disc, ring and 
E-shaped pieces are moulded by dry compression of the basic 
material in powder form; the rod and tube-shaped pieces are 
formed by adding a binder to the powder and pressing the 
mass through a circular opening. 


tween 1000 °C and 1400 °C, the binding agent used 
for and the 
chemical reaction taking place through diffusion. 


plasticising thereby evaporating 

The heated product has a greater hardness but 
by grinding and polishing can be brought exactly 
to the desired dimensions. Fig.2 shows some 
samples. 


Practical applications 
Band-pass coils for carrier wave telephony 


One of the most important components of a 
carrier wave telephony installation is the electric 
band-pass filter®), the purpose of which is to 
avoid cross-talk. Only very low losses are admissible 
in the constituent parts of these filters (coils and 


condensers). “Ferroxcube” III is eminently suit- 


“48137 


Fig. 3. Band-pass filter coil for carrier wave telephony. Ex- 
treme left: the winding and next to that the core and jacket 
parts made of “Ferroxcube”. Farther to the right: a section 
of the jacket, core and winding: the two air-gaps have been 


filled with a small white plate to show them up better. Extreme 


Ei right; the complete coil. 
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5) Philips Techn. Review, 7, 104, 1942. 
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able as magnetic core material for the coils. Fur- 
thermore the constancy of the effective permea- 
bility with time and under temperature fluctuations 
has been proved to satisfy the high demands of 
practice. Fig. 3 shows a filter coil made of “Ferrox- 
cube”. The coil proper is enveloped by a sort of 
box of “Ferroxcube” consisting of two discs and a 
ring, whilst inside the coil is a small cylinder of the 
same material with an air-gap at each end, thus 
reducing the original permeability from about 
1000 to an effective permeability ~ = 35. The box- 
like construction ensure: a good magnetic screening, 
enabling a number of coils to be built together into a 
compact unit without risk of mutual inductance 
(cross-talk) - see fig. 4. The assembled coil has a 
quality factor Q = 600 (at a frequency of 60 ke/sec) 
and a volume of 44 cm’, both of which figures 
compare very favourably with those of a coil of 
the older construction (fig.5) with Q = 220 and a 


Fig. 4. The coils required for one band-pass filter (here nine) 
can be built together into a compact whole. Thanks to the 
good screening provided by the “Ferroxcube” jacket (see 
fig. 3) there is no perceptible mutual inductance. 


volume of 210 cm’. When comparing these figures it 
is to be borne in mind that with properly constructed 
coils Q is proportional to the linear dimensions. 


Band-pass filter coil for the I.F. part of receiving sets 


In radio sets built on the superheterodyne prin- 
ciple a signal of a fixed frequency, called the 
intermediate frequency, is obtained by mixing 
the incoming signal with an auxiliary signal gene- 
rated in the set itself. A filter provides for a band of 
the desired width to be passed through that lies 
on either side of this intermediate frequency. 

By using “Ferroxcube” the coils for these band- 
pass filters can be made of much smaller volume, 
as may be seen from fig. 6; this is most welcome to 
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Fig. 5. Band-pass filter coils for carrier wave telephony. Left: 


screening cage containing a coil of the old construction with the 
core composed of filaments of nickel-iron and the jacket of a 
“nowder-core”’ material. The screening is necessary owing to 
the low effective permeability of the powder core material. 
Quality factor Q = 220 at 60 ke/sec, volume 210 cm’. Right: 
coil with core and jacket of “Ferroxcube”’ (cf. figs. 3 and 4); 
Q = 600 at 60 ke/sec, volume 44 cm’, 


set-makers aiming at producing the smallest 


possible sets. 


Other uses 


It may be asked whether “Ferroxcube”’ is also 
suitable for the cores of transformers connected to 
lighting or power mains. Generally speaking the 
answer is in the negative, because ferrites are satu- 
rated already at low inductances, of say 2500 gauss, 
and consequently the core diameter or the number 
of windings, for instance, would have to be at least 
five times as large as that required for the usual 
transformers with iron core, working with Byax = 
appr. 12 000 gauss. 

There are, however, plenty of possibilities in 


‘ other directions, such as: 
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1) the tuning of oscillatory circuits, either 
by sliding a “Ferroxcube” core inside the coil 
(or coils) or by adjusting the effective permea- 
bility by means of d.c. magnetisation; 

2) applications in the technics of frequency and 
impulse modulation; 

3) for obtaining a more concentrated magne- 
tic field in an object to be heated by induction 
in a magnetic alternating field of high frequency. 

It should be evident that this new material 
opens up an extensive field for investigation. 


FBIF9 


Fig. 6. Coil systems of the I.F. band-pass filter of a radio 
receiving set. The right-hand coil system contains no ferro- 
magnetic material; the smaller dimensions of the other two 
are due to the use of “Ferroxcube’’. The left-hand coil system 
is a further development of the middle one. All three coil 
systems are used for the same frequency and are of the same 
quale Part of the screening has been cut away to show the 
inside. 
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A MAGNETRON FOR D.C. VOLTAGE AMPLIFICATION 


by H. B. G. CASIMIR. 


621.385.16: 621.385.831 


In D.C. voltage amplification an amplifier valve with grid control (for instance a triode) 
often cannot be used because the input and output circuits can never be kept galvanically 
separated. Instead a magnetron can be used, i.e. a diode controlled by a magnetic field. 
The input circuit of a magnetron, being that circuit of which the solenoid setting up the 
magnetic field forms a part, is galvanically entirely separate from the anode circuit. 
In this article the magnetron is discussed as an amplifier valve. It is found that the mag- 
netic sensitivity of a magnetron, which plays a part analogous to the amplification factor 
of a triode, can be considerably increased by introducing a grid at cathode potential 
close to the anode. As an example the employment of such a magnetron with grid is 
described in an X-ray apparatus where a regulator triode, at a very high voltage, had to 
be fed by a weak D.C. voltage signal given by a regulator at earth potential. 


Triode and magnetron as amplifier valves 


The simplest method of amplifying an electric 
signal is based in many cases on the use of a triode. 
The amplifying action of the triode is manifested 
in the fact that small changes in the grid voltage 
caused by the signal result in large changes in the 
anode voltage. These changes in the anode voltage 
are the direct result of the changes in the anode 
current, which is here controlled by an electric 
field due to the signal. However, for a long time 
there have been electronic valves in which the anode 
current is controlled by a magnetic field due 
to the signal and which can also be used as amplifier 
valves. While the triode may be considered as a 
diode with a grid between cathode and anode, 
the magnetron!) is a diode which is placed in 
the magnetic field of a solenoid whose axis is per- 
pendicular to the direction of the electron current 
(if the diode is for instance cylindrical the axis of 
the solenoid coincides with the cathode). Changes 
in the current in the solenoid then cause changes in 
the intensity of the magnetic field, which again 
affects the motion of the electrons between the 
cathode and anode, whereby with suitably chosen 
conditions changes in the intensity of the anode 
current may occur. We shall discuss this in more 
detail below; it will be found that for a magnetron 
as well as for a triode quantities such as slope and 
internal resistance can be defined and that, moreover, 
a quantity can be introduced which is comparable 
with the amplification factor in a triode, namely 
the so-called magnetic sensitivity. 

For the amplification of electrical signals the 


1) It should be noted that the word “magnetron” is used in 
its original significance, namely that of a magnetically 
controlled diode, while at the present time “magnetron 
usually means an oscillator valve for very short waves, 
where the electrons move in a constant magnetic field. 
Cf. G. Heller, Philips Techn. Rev. 4, 201, 1939. 


triode (or tetrode or pentode) is nearly always used, 
and not the magnetron. There are, however, cases 
where the triode and also every other valve with 
grid control is inadequate and where the magnetron 
is the ideal valve. This is connected with the fact 
that in every valve with grid control the average 
voltage level to be used for the grid compared with 
the voltage level of the anode and of the cathode 
is fixed within rather narrow limits by the charac- 
teristics of the valve. In particular the voltage 
difference between the anode and the grid of a triode 
in the commonly used types cannot amount to 
more than a few hundred volts. As long as it is 
desired to amplify an A. C. voltage this involves 
no essential limitation of the usefulness of valves 
with grid control, even when the voltage level of 
the amplified signal has to lie much higher than that 
of the original signal. By making use of a transfor- 
mer or of condensers provision can be made for 
the voltage difference between the anode and the 
grid not to exceed the above-mentioned permissible 
value. In the case of D.C. voltage amplification this 
is impracticable. It is indeed possible to apply 
a voltage difference between the input and output 
circuits which is within the limits permitted by the 
characteristic, but there is always a_ galvanic 
coupling between the two circuits which may be 
an objection. On the other hand in the case of a 
magnetron the input circuit (the solenoid) can be 
kept galvanically absolutely separate from the 
output circuit (the anode circuit), so that even 
with D.C. voltage amplification the above assumed 
difference between the voltage levels of the incoming 
and outgoing signals presents no difficulty. 

A concrete examplein which the magnetron has 
proved serviceable for the above reason occurred 
in an X-ray apparatus. At the con:lusion of this 
article several particulars of this will be given. 
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Principle of the magnetron 


The “classical” magnetron (see fig. 1) is a cylindri- 
cal diode (anode voltage Va, anode radius ra), 
situated in an axial magnetic field H generated by 


a solenoid. 


Fig. 1. Diagram showing the principle of a magnetron. A anode, 
K cathode, S solenoid. The arrow indicates the direction of 
the magnetic field H. 


When only the electric field is present the elec- 
trons emitted by the cathode will describe radial 
trajectories to the anode; the electric field is 
radially directed. The velocity v of an electron at 
a given point is determined by the voltage V 
prevailing at that point (calculated with respect 
to the cathode). If m is the mass and e the charge 
of the electron 


A Jit pore CV Rap hs ee et rae an 


If we consider only the magnetic field, an electron 
with velocity v experiences a force prependicular 
to the velocity and to the direction of the field 
and equal to evH. This results in the trajectory 
becoming curved; the kinetic energy of the electron 
undergoes no change due to the magnetic field since 
the force is perpendicular to its trajectory. The 
energy equation (1) thus does not change when 
in addition to the electric field we also introduce a 
magnetic field. 

The force evH is equal to the centrifugal force 
mv?/r, where r is the radius of curvature of the 
= trajectory: 

SE mv? 


2 S aes ae ee NPA 


r 


If now an electric field and a magnetic field are 
both applied, the electrons describe curved traject- 
ories whose radius of curvature at every point can 
oe be calculated as a function of H and V by elimin- 
- ating the velocity v from (1) and (2): 


aS 1 \? mV 

v2 s r= — 3 . . . . . . 
ary >: ; i. e 

or, substituting the values of m and e and expressing 


rin cm, H in gauss and V in volts: 


3,37 


H 
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_anode voltage V,. The decrease in the potential 


r=— VP, OF Ph Se eda eet 8 (3a) 
_ part of the characteristic is shifted towards the right or ] 
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With a given electrical voltage V we now vary 
the magnetic field strength H. At a small value of H 
the electrons move almost radially along only 
slightly curved paths from the cathode to the anode 
(see fig. 2a), since with a small value of H the 
value of r is very large, according to formula (3a). 
An anode current then flows, and as H increases + 
it remains constant as long as the electrons emitted 
by the cathode reach the anode. As the value of H 
increases r decreases, and the paths of the electrons 
become more and more curved until, beginning 
with a critical field strength Hy, the electrons no™ 
longer reach the anode (see fig. 2b and 2c); there is 
no longer any anode current and the magnetron is 
“closed”. If the cathode is sufficiently thin this 
critical field strength Hj, can easily be calculated. 
It may then be assumed that the potential is 
constant in the larger part of the cylindrical space 
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Fig. 2. Electron tra‘ectories in a magnetron at different 
magnetic fields H: a) when H < Hy anode current flows; 
b) H = H,,, the limiting case where the paths of the electrons 
just touch the anode; c) when H > Hy, the electrons describe 
closed trajectories and do not reach the anode. 


enclosed by the anode, and that it is equal to the 


toward the cathode occurs mainly in its immediate 
vicinity. 

The electrons will then, according to (3a), 
describe paths with almost constant radius of _ : 
curvature, thus approximately circles. The diameter —__ 
2r of these circles at the critical field strength Hj, - 
is equal to the radius rg of the anode. With (3a) 


this gives «4 : ae 
G, 74S 
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Fig. 3. “Magnetic” characteristic of an ideal magnetron, ile. 
anode current as a function of the magnetic field strength at 
., 


a single given value of ,. At another value of Va the vertical) 


ieee 
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The magnetic characteristic i — (HH) at a single 
given value of V, is shown in fig. 3. For H > Hj, 
the anode current is constant, all electrons reaching 
the anode; for H > Hj, the current is “cut off”. 
According to (4) Hj, depends on Vj: if Vq increases, 
Hy, also lies at a higher value. 


The magnetic sensitivity of the magnetron 


As is known, the slope S and the internal resistance 
R; of a triode are defined by the equation 


Ai=SAV, + (1/R) AV... =. -. (3) 


where Ai, A V, and AV, are the changes, respect- 
ively in anode current i, grid voltage V, and anode 
voltage Vg. From equation (5) it follows that 


0i 
s=(5,-),, epi 4 5 (6) 


and 


Moreover, the amplification factor u is defined as 


OVa | 
u=—(FF),.- Cet wc oue(O) 


or, because of (5), 
Pee eset stots = + (9) 


Since in the magnetron the function of the grid 
voltage is taken over by the magnetic field, the 
“magnetic” slope and the internal resistance are 


here defined by analogy with equations (6) and (7) 


+e di 
: ee. an 


and 
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(In the definition (10) of S the minus sign is taken 
because the anode current i decreases as H increases.) 
Equation (9) then defines for the magnetron a 
quantity which is analogous to the amplification 
factor in the case of a triode. This quantity will be 
called the “magnetic sensitivity” of the mag- 
netron. The magnetic sensitivity, however, in 
contrast to the amplification factor of a triode, is 
not a dimensionless factor. This is seen imme- 
diately when the magnetic sensitivity is represented 
by the formula analogous to (8): 


: » 
a 


etre 5. = (2) . Se 8 (12) 
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It is now found that equation (9) fails us in the 
case of an ideal magnetron with a discontinuous 
magnetic characteristic (fig. 3). Then the electrical 


characteristic (fig. 4) of the magnetron, i.e. 
/ 
Vo 48519 


Fig. 4. “Electrical” characteristics of an ideal magnetron, i.e. 
anode current as a function of the anode voltage at a single 
given value of the magnetic field H. 


t= 1(Vq), with a given magnetic field H is also 
discontinuous; at small values of V, the influence 
of the magnetic field is predominant, the electrons 
describe closed trajectories and i = 0; at large 
values of V, which — see equation (4) — are larger 
than (Hr,/6.74)?, the anode draws all the electrons. 
By reference to figures 3 and 4 it may be seen 
that in the horizontal part of the characteristics 
S = 0 and R; = ow, while in the vertical parts 
S = oo and R; = 0, so that in the ideal case the 
magnetic sensitivity defined by (9) cannot be 
determined from the characteristics. 

A similar consideration shows that also equation 
(12) cannot be used in this ideal case. 

In order to calculate the magnetic sensitivity of 
an ideal magnetron, however, there are two in- 
direct methods. 
magnetron for which the characteristics show a 
gradual change. The quantities S and R; are then 
always finite, so that the product SR; is no longer 
indeterminate. It is then possible. to calculate 
wu = SR; and ascertain the limiting value of the 
magnetic sensitivity (thus calculated) when the 
shape of the characteristics no longer approaches 


One is to consider a non-ideal 


zt R 


Vp 
Hie 
Fig. 5. The magnetron in a circuit for resistance amplification. 
the ideal. The other possibility is based upon the 
consideration of an ideal magnetron included in a 


resistance amplifier. We shall first follow this second 
method, since it will also lead us to a knowledge 
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of the behaviour of the magnetron in its practical 


applications. 


Magnetron in a resistance amplifier 


Let us consider the simple resistance amplifier 
with an ideal magnetron as amplifier valve (fig. 5). 
We wish to study the relation between the voltage 
Vr over the anode resistance R and the magnetic 
field H. For that purpose we draw the electrical 
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Fig. 6. Vertical part of the electrical characteristic (cf. fig. 4) 
for different values of the magnetic field H (in arbitrary units). 
The oblique straight line represents the “loading line’’, i.e. 
the relation between the anode current 1 and the voltage Va 
when the magnetron is included in a circuit of a resistance 
amplifier with given battery voltage V; and anode resistance R. 
The slope of the loading line is inversely proportional to R. 
The points of intersection P,, P,..... of the loading line with 
the characteristics determine the current flowing in the anode 
circuit at given values of V;, and R and different values of -H. 


characteristics of the magnetron, i.e. ¢ as a function 
of Vq for different values of the magnetic field 
( fig. 6) (this is analogous to the i-V, diagram with 
Vz as parameter in the case of a triode). It is 
hereby assumed that the diode is ideal, i.e. that for 
H = 0 the saturation current already flows at very 
small positive anode voltage. We allow the charac- 
teristics to be cut by the “loading line”, i.e. by 
the straight line 

; Vi—Va 

t= ? 

R 

which gives the relation between i and V, at a given 
battery voltage Vp and resistance R. The points 
of intersection of the loading line with the charac- 
teristic determine the current flowing in the anode 
circuit at given values of H, Vp, and R. 

By choosing suitable values of R and Vj, i.e. 
of the slope and position of the loading line, the 
current can be made to adjust itself on the 
vertical sections of the characteristics. We also 
assume that this is actually the case. Then the 
relation between Vg and H (see equation (4)) is 
given by: 


Ta 
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By elimination of Vq we obtain the following 


from the last two equations: 


1 rane 
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The desired relation between VR and H is thus 


(14) 


Tans 
inn (¢e) a 


The parabola given by equation (15) is reproduced 
in fig. 7. It may be seen that VR decreases with 
increasing H and for Hp = 6.74 \Volra becomes zero. 
The slope of the parabola may serve as a measure 
of the amplifying effect of the resistance amplifier 
considered and is analogous to what in a triode is 
called the “amplification” of a resistance amplifier. 

In the case of a triode — as is known — the 
amplification becomes equal to the amplification 
factor when the internal resistance Rj; is small 
compared with the anode resistance R. By analogy 


(15) 


to this the slope in question becomes equal to the 
above-defined magnetic sensitivity, since for the 
ideal magnetron, in the vertical parts of the charac- 
teristics of fig. 6, Rj = 0. One thus obtains 


dVR 


w= ae) see 


dH (16) 


(since dVR/dH is always negative — compare fig. 7 — 
in equation (16) the minus sign is taken). From this 
it now follows that, according to (15) and (13) 
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Fig. 7. Voltage Vp over the anode resistance as a function of 
the magnetic field H for a resistance amplifier with an ideal 
magnetron. For H = 0, Vp is equal to the battery voltage ly; 


for H = Hy = 6.74 \Vp/ra (ra radius of the anode), Vr = 0. - 


The curve is a parabola with slope equal to the magnetic 
sensitivity % of the magnetron. 


We shall find this result again by the other method 


mentioned above. From equestion (17) it is found — 


that the magnetic sensitivity increases propor- 


tionally with the strength of the magnetic field. %; 


2 
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The maximum value of the magnetic sensitivity at 
a given battery voltage is 


Umax = 


Magnetron with gradually varying characteristic 


Actually a magnetron is never ideal. Since the 
electric field is not strictly radially and axially 
symmetrical, and also due to the fact that the 
vacuum in the valve is not perfect, the charac- 
teristics are not discontinuous (fig. 8). Thus, for 


Hy ms H. 


Fig. 8. Gradually varying magnetic characteristic (compare 
with fig. 3). Hj, is here defined as that value of H where 
(Hx) = */, 1(0). 


example, the electric field at the ends of the anode 
may be too weak to draw the electrons to the anode, 
while in the middle electrons do strike the anode. 
The shape of the characteristics is thus less sharp, 
since the anode current does not become zero at 
one definite value of V or H. 

In the case of a magnetron with gradually 
changing characteristics the product » = SR; is 
no longer indeterminate. We shall now calculate 
it on the assumption that the characteristics, while 
not discontinuous, still have a steep slope. 

We may then define Hy as the field strength 
at which the current has decreased to one half: 
i(H;) = ¥/) i(0). For Hj, thus defined equation (4) 
will remain approximately valid. For the neighbour- 
hood of Hy, we may write, in approximation, 
according to equation (10): 


i(H) = i(H) — (HH) S(He) 
and from this, since 
UR: = (5 =(55 ie 
OVa H OA/HdAVa 


it follows that 


Oi (Hk) OS \ | dHp 

oe be a = Jif 3 
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In general the first and last terms of the polynomial 

between the brackets are small compared with 
SU). 

pee _ An estimation of the first term can be made on. 
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the basis of the following consideration. If we are 
working in the saturation region, 0i(0)/OH;, = 0. 
If we are not working in the saturation region, since 
according to Langmuir’s formula i(0) ~V,'", 
(Hj) ~ Vi," also, and with (4) this gives: i(4,)~5h,°, 
from which it follows that 


@ (F1},)\ 


_ 3 i(Ai) 
OAK le 


Hy, 


If now the slope is so large that 


Oi 3 i(Hk) 
(sz), THES 


HA; 
or, according to fig. 9 that tan y » tan f we may 
indeed ignore the first term between the brackets. 


» 


From fig. 9 it appears that only at large values of £ 
(i.e. small values of Hj, and Vz) is this not the case. 
The last term between the brackets is zero for 
H = Hy, and remains small in the vicinity of that 
point. 
For not too small values of Vg and Hj, it thus 
follows that 


(18) 


and the magnetic sensitivity is then (see equation 


(9)): 


(19) 
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Fig. 9. Magnetic characteristic of a magnetron; when 
tan B < tan y formule (20) for the magnetic sensitivity is valid. 


Upon comparison of (19) with (8) it is found 
that dV,/dHj, in the case of the magnetron is similar 
in signifiance to —(dVq/dVg); in the case of the 
triode. 

With the help of equation (4) it is now possible 
to calculate dVq/dH;, so that one finally obtains 


ope 
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The magnetic sensitivity is thus indepen- 
dent of the slope of the magnetic charac- 
teristic. From this it follows in particular that 
equation (20) is also valid for the limiting case of 
an ideal magnetron with a discontinuous charac- 
teristic. This formula is indeed identical with the 
formula which we previously derived for the ideal 
magnetron in a resistance amplifier (see equation 
(17)). The only advantage of a very steep magnetic 
characteristic is that then. according to (9), Rj is 
small. Since in a resistance amplifier Rj « Ra 
(Rg anode resistance) in order to reach the maximum 
amplification a relatively small value of Rg will be 


sufficient. 


Magnetron with grid 


If it is desired to 
magnetic sensitivity we must, according to equation 


increase the theoretical 


48525 
Fig. 10. In order to increase the magnetic sensitivity uy, a 


grid is introduced into the cylindrical magnetron close to the 
anode. K cathode, G grid, A anode. 


(2), either increase the anode voltage or the radius. 
The first has the objection that the magnetic field 
has also to be taken larger: one must work with a 
large constant field upon which the variations are 
superposed. The increase in the radius quickly leads 
_ to unwieldy dimensions. 

It is possible to attain a much higher sensitivity, 
without encountering the two difficulties mentioned, 
by placing close to the anode ( fig. 10) a grid which 
is at approximately cathode potential. The influence 
of the anode voltage on the motion of the electrons 
between the cathode and the grid is then much 
smaller, so that the magnetic field has relatively 


more effect. Instead of equation (4), the following 
then holds: 


Ai, = 


(21) 
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r 
where. Verp is an effective voltage which — entirely 


analogous to the so-called effective grid voltage 
in a triode — can be represented by 
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the constant G in the triode with screen grid being 
equal to the amplification factor. For the sake of 
simplicity we set Vz = 0. Equation (21), because of 
(22), then becomes 
Hy = = 2 eee eee 
We shall now consider the magnetron with grid 
included in a resistance amplifier. Proceeding in the 
same way as in the case of an ideal magnetron with 


no grid, we arrive at the following relation between 


Vr and H: 
Ta 


ee 
ee re 


2 

HH? eee ag 
From fig. 11 we see that the curve giving this rel- 
ation is steeper than the analoguous curve for 
the magnetron with no grid, which corresponds to 
equation (15). The magnetic sensitivity has thus 
indeed become larger, namely bya factor G with 
the same magnetic field and the same radius of the 
anode, as appears upon differentiation of equation 
(24): 


aV. 2 
en (=) 7 gee bos 
6,74 


The anode voltage must now be higher, but that 
is often no objection. The value of G is limited by 
the requirement that the value of V,/G must be 
large enough to draw a reasonable current from the 
cathode. As to the optimum dimensions, these 
depend upon the employment of the valve. Com- 
pared with the simple magnetron, however, consider- 
able gain can nearly always be obtained for instance 
with a factor G = 20. 


Hb 
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Fig. 11. Voltage Vr across the anode resistance as a function 
of the magnetic field H for a resistance amplifier, 1) with a 
grid-magnetron (continuous line), 2) with an ideal magnetron 
with no grid (dotted line, identical with the curve of fig. 4). 


Both curves are parabolas. Since the magnetic sensitivity Z : 


is equal to the slope of the parabola, at equal values of HA, p 
is larger in the first case than in the second. . 
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It may still be noted that equation (25) can also 
be derived on the basis of the consideration of a 


magnetron with gradually (but steeply) changing 
characteristics. 


Magnetron with grid as D.C. voltage amplifier in 
an X-ray apparatus 


Such a magnetron with grid has been employed 
in the above-mentioned X-ray apparatus. The 
problem encountered in designing the apparatus 
in question came down to the question of how a 
switching and regulating arrangement at a very 

high voltage (about 100 kV) could be operated by 
3 a weak D.C. voltage signal given by a switching 
_ and regulating arrangement at earth potential. 
Various solutions to this problem are of course 
possible, but a discussion of all these is outside the 
: scope of this article. 

It need only be noted that the use of an amplifier 
valve with grid control was out of the question 
because of the reasons mentioned above, at least 
if it was desired to avoid the conversion of D.C. 

into A.C. and vice versa. On the other hand the 
employment of the grid-magnetron was found to 


Kal 
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Fig. 12. Simplified circuit diagram of an X-ray apparatus in 
which the grid magnetron serves as amplifier valve. T triode 
- regulating the voltage on the X-ray tube R6. The voltage 
_. difference between grid and cathode of T is equa! to the voltage 
across the resistance R: the variations in this latter voltage 
are due to the amplification of the voltage variations in the 
circuit in which the solenoid causing the magnetic field is 


* _ grid magnetron M. When no carrent flows through the solenoid, 
the magnetron is “open” and the triode “closed”. The horizontal 
dotted line indicates symbolically that the voltage level below 
this line (i.e. the voltage level of the circuit of the solenoid) 
is entirely independent of the voltage level above it. © 


es 
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included. This magnetic field regulates the current in the ~ 


{ 


be very suitable. A simplified circuit diagram of 
the installation is reproduced in fig. 12. It may be 
seen that the voltage level of the solenoid S is 
completely separated from the very high voltage 
level of the rest of the installation; the latter can 
be varied at will without affecting the circuit in 
which the solenoid is included. Nevertheless, the 
grid voltage of the triode T changes as soon as a 
change occurs in the current in the solenoid. The 
grid voltage in question is equal to the voltage over 
the resistance R, and the latter voltage depends 
finally on the current in the solenoid. 

We may regard the triode T as a variable resis- 
tance whose value R7 is determined in part by the 
current in the solenoid. When no current flows 
through the solenoid the magnetic field is zero, the 
magnetron is “open” and the triode “closed”, 
t.e. RT = cx, because the grid voltage is then 
equal to the full (negative) battery voltage Vj. 
If on the other hand the current through the solenoid 
is so large that the strength of the magnetic field 
lies above the critical value Hy//c (cf. fig. 11), 
then the magnetron is “closed”; as a result the vol- 
tage over R, and thus also the grid \ oltage, is zero: 
the triode is entirely “open”, i.e. R7 = 0. At currents 
in the solenoid which lie between the limiting 
values mentioned, 0 < RT < ~. 

If the triode is used as relay it means that only 
the values Rr = 0 and Rr = ~ are used. In the 
X-ray apparatus of fig. 12, however, the triode 
also served as regulator valve with which the vol- 
tage on the X-ray tube Ré was regulated; Rr then 
followed the changes in the current in the solenoid, 
between the limits Rr = 0 and Rt = ~w 2). 

The advantage of a magnetron with grid was 
thereby manifested in the fact that in both cases 
— triode as regulator valve and as relay — much 
weaker currents were needed in the solenoid to reach 
a given change in Rr thaa if a magnetron with 
no grid had been used. If the triode plays only the 
part of a relay, the solenoid current necessary to 
“open” the triode completely (change from RT = co 
to Rr = 0) is /G times as small as in the case of 
the magnetron with no grid. 


2) If the saturation current flows through the X-ray tube, not 
too large changes in Rr will have no influence on the 
current in the X-ray tube, only the voltage being affected. 
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IN TUBILAR 
EALING- IN OF THE ELECTRODES 
er ae FLUORESCENT LAMPS 


The tube is placed over a preheated, mounted electrode on a rotating machine (centre) which automatically seals the ; 
two together by gradually increased heating of the rims. The tubes are then transferred to a cooling drum (left) in which 
the realed ends are gradually cooled down. The Same process is repeated with the tubes inverted, for sealing in a mounted 
electrode at the other end, after which the tubes are ready for evacuation, 
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ABSTRACTS OF RECENT SCIENTIFIC PUBLICATIONS OF THE 
N.V. PHILIPS’ GLOEILAMPENFABRIEKEN 


ene of the majority of these papers can be obtained on application to the 
a ministration of the Research Laboratory, Kastanjelaan, Eindhoven, Netherlands. Those 
papers of which no reprints are available in sufficient number, are marked with an asterisk. 


1697: N. G. de Bruyn: A combinatorial problem 


(Proc. Kon. Ned. Akad. Wetenschappen 
Amsterdam 49, 758-764, 1946). 


A P,-cycle is defined as an ordered cycle of 2” 
digits 0 or 1 (i.e. a series of such digits placed on 
the circumference of a circle), such that the 2” 
possible sets of n consecutive digits of that cycle 
are all different (as a consequence, any ordered 
set of n digits 0 or 1 occurs exactly once in that 
cycle). Posthumus, studying these cycles in con- 
nection with a practical problem of telecommunic- 
ation, was led to the coniecture, that the number 
of P, cycles be equal to 2 to the power 2”71-n. 
In this paper this conjecture is proved to be correct 
As a consequence a theorem concerning a special 
type of networks is stated and proved and another 
application of the theorem is mentioned. 


1698: D. Polder and J. H. van Santen: The 
effective permeability of mixtures of solids 
(Physica, ’s-Grav. 12, 257-270, 1946). 


For several purposes it is of importance to know 
how the dielectric or magnetic permeability of a 
mixture of substances, which show mutually 
different permeabilities in pure state, depends on 
the composition of the mixture. In this paper the 
case is dealt with, where the different substances 
are powders of solids, packed in a medium like oil 
or wax or air. The individual particles or holes 


are assumed to be ellipsoidal. The calculation is 


“based on an approximation, which in the case of 


spherical particles proves to give results identical 
with those obtained by Béittcher’s method 
The effect of the shape of the ellipsoids is discussed. 


Considerations are given concerning the nature of 


the approximations used in this paper and in other 
theories on this sub;ect. 


1699: M. J. O. Strutt and A. van der Ziel: 
Signal-noise ratio at v.h.f. (Wireless Enge- 
neer 23, 241-249, 1946). 


The two basic concepts of correllation between 
fluctuation currents and voltages and of the 
decompositions of fluctuating quantities into singly 
periodic components are discussed briefly. The noise 


ratio of a grounded-cathode amplifier is evaluated 
and the conditions for minimum noise ratio are 
stated. Experimental evidence is skown to confirm 


the theoretical results. Further 


amplifier stages and velocity modulation valves are 


grounded-grid 


considered and the requirements as to valve con- 
struction (uniform electron paths and low dielectric 
and other losses) are dealt with. It is shown that 
the purposed reduction of noise ratio applies also 
to wideband reception. In order to compensate 
the loss or gain incurred by the reduction of noise 
ratio suitable feed-back may be applied. The 
interrelation of noise figures introduced by various 
authors and the present noise ratio are discussed. 


1700: B. D. H. Tellegen: Het bepalen van de 
integratieconstanten bij de berekening van 
in- en uitschakelverschijnselen (T, Ned. 
Radiogenootschap II, 173-188, 1946). (The 
evaluation of the integration constants 
occuring in the computation of transient 


phenomena). 


A network is considered containing a source of 
pressure v, under the influence of which a current 
i flows in a certain branch. A method is given to 
calculate from the differential equation connecting 
i and v the discontinuities in t and its derivatives 
resulting from discontinuities in v. and its deriva- 
tives. 


1701: H. A. Klasens: Transfer of energy be- 


tween centres in zinc sulphide phosphors 


(Nature, 158. 306, 1946). 


The transfer of energy between centres in zinc 
sulphide phosphors containing two kinds of centres 
(e.g. blue and green) in explained by the supposition 
that after bringing an electron from one centre 
(e.g. blue) to an excited state (by lifting it in the 
empty so-called conduction band of energy), the 
hole in the blue centre may be transfered to a 
filled band and thus may travel to a green centre. 
The reverse process (green to blue) is supposed to 
have a negligible probability. The above hypothesis 
is expressed in the form of two simultaneous 
differential equations giving the number of excited 
centres as a function of time. 

From these equations formulae may be derived 
for the intensity ratio of the blue and the green 
emission during irradiation as a function of the 
irradiation intensity and the temperature and for 
the temperature — dependence of the emission of 
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e.g. the blue centres. The effect of “killers” on the 
after glow (green emission) is explained on similar 


lines. 


J. Boeke: Ontwikkeling van de electrische 
meetapparaten in de chemie gedurende de 
oorlog. (Chem. Weekblad 42 230-273, 1946) 
(Development of electrical measuring in- 
struments for chemical purposes during the 


1702: 


war). 

This article contains a survey of recent improve- 
ments in electrical methods as used in chemistry, 
especially in the following fields: Electrochemistry, 
dielectric constants, measurement of moisture, 
spectrometry (absorption and emission), chemical 


analysis, industrial apparatus. 


W. de Groot: The influence of irradiation 
with light on the dielectric properties of 
Zn S phosphors (Physica 12, 402-404, 1946). 


Experiments are described, whereby the influence 
of irradiation with light on the light emission and 
the dielectric behaviour of ZnS phosphors are 


1703: 


observed simultaneously. It is proved that the 
change in capacity AC of a condenser containing 
ZnS, and the decay of this change after stopping 
irradiation are much slower than the rise and decay 
of the light emission. Experiments are described, 
which, make probable that the change in dielectric 
behaviour is due to free electrons and not to 
trapped electrons. Some phenomena, such as a steep 
initial decay of the AC-effects with a phosphor 
containing a killer, remain unexplained. 


1704*: D. J. Bouma: Kleuren en kleurindrukken 
(Philips technische bibliotheek; uitg. Meu- 
lenhoff & Co N.V. Amsterdam 1946, 
320 pages, 113 fig.) (Colours and colour 


sensations). 


In this book (an English translation of which is 
forthcoming) a survey in simple language is given 
of the fundamentals of colour science and the 
methods of colorimetry. In the exposition of the 
basic facts ample use is made of colour space. 
Additional chapters deal with colour vision, the 
historical development of colour science, thresholds, 
the estimation of colour differences and related 
problems, technical and scientific applications. The 
appendix comprises 15 tables and an extensive 
reference list. 
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H. A. Klasens and M. E. Wise: Decay of 
zincsulfide type phosphors (Nature, London, 
158, 483, 1946). 


The bimolecular decay of zincsulfide phosphors, 
assuming retrapping in the metastable phosphores- 
cense centra, is described by a second order non- 
linear differential equation. In the special case 
where the two unknown constants (4 = retrapping 
coefficient, 6 = bimolecular recombination con- 
stant) are equal, the equation can be solved and 
curves may be drawn for the intensity vs. time 
at different temperatures and for different intensities 
of excitation. These curves generally display a 
steep initial decay due to the bimolecular recombin- 
ation and a more or less prolonged tail due to the 


1705*: 


phosphorescence mechanism. 


1706: C. J. Bouwkamp: A note on singularities 
occuring at sharp edges in electromagnetic 


diffraction theory. (Physica, ’s-Grav. 12, 
467-474, 1946). 


Wave fuctions u describing the diffraction by 
plane screens can be divided in two classes according 
as u or Ou/On vanishes at the surface of the screen. 
Differentiation with respect to the coordinate in 
the n(ormal)-direction alters the character, whilst 
tangential differention does not change the class. 
Another effect (Rayleigh) of differentation is the 
appearance of singularities at the edge of the screen. 
This is demonstrated explicitly in case of Sommer- 
feld’s solution of the electromagnetic diffraction 
by a half-plane. Typical difficulties in electromag- 
netic diffraction theory are mentioned. Miglich’s 
solution of the electromagnetic diffraction by a 
circular screen is shown to be erroneous. 


1707: W. Elenbaas: The hypothesis of minimum 


voltage in the theory of the arc. (Physica, _ 


*s-Grav. 12, 491-498, 1946). 


The author criticizes the explanation of the 


contraction of the high pressure discharge in the 
vicinity of the cathode making use of the theory 
of minimum voltage. Although this theory and the 
exact theory may be put in such a form, that they 
yield very similar fomulae, there is a discrepancy 


as regards the cross section of the arc by a factor 
which at ordinary current densities may be as high | 
as 50 and which-moreover depends on the tempera- _ 
_ ture. At very high current densities (almost complete _ 
ionisation) the principle is considered to give good — 


results. 


— 
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SURVEY OF SUBJECTS VOLUMES 1-8 


The number in heavy print beside each subject indicates 
following number the page. Volumes 1—7 correspond to the years 1936—1942. From 
July 1942 to December 1945 the publication of this journal had to be stopped. The 
first number of volume 8 appeared in January 1946, 


Adhesive force of lacquers 8,147 
Adsorption phenomena at metal 
contacts . 5,238 
Aerials: 
communal — (“Antennaphil’”’) 1,246 
loop aerials, sets with . a 8 (OB) 
receiving — “Philastatic”’ . 4,320 
rotating directional — PCJ 
transmitter . Peg. ah ee) 
sensitivity to localgeinters 
ference . . 6,302 
Aerodromes: 
illumination and beaconing . 4, 93 
radio beacons . ; . 2,370 
water cooled mercury lamps . 6, 33 
Aeroplane radio: 
position and course finding . 2,184 
transmitter-receiver V.R. 18 1,114 


transmitter-receiver with 
course finder (patton) 
After-effect phenomena. . . . 


Air Engines . 


Amplifier installations, see Sound 
Amplification 


Amplifiers: 
Negative feed-back, see under 
that title 
noise of — * 
transient Bieeattoristic 3 
use in telephony. . 


Amplifier valves, see radio valves 


Analysis 
mixtures of argon and 
mitrozen! ..... : 
polarography c 


X-ray diffraction for—. . } 


Architecture and illumination . 
Armatures, testing dynamo—. . 


Are welding, see welding 


Artificial resin: 
X-ray diffraction diagrams. . 
— see further “Philite” 
Artificial respiration, apparatus 
Andiometer.. =. . + > 


Auditorium acoustics: 
intelligibility... .... 
reverberation ....- + > 
sound absorption ..... 
theory measurement ... . 
optical models: 

investigation directional 
distribution 
principle; investigation 
intensity distribution . 

K-R.O. Studio. .... 

_. Theatre Utrecht... . 
Austempering of steel .... - 


Automobile radio: 


: receiving set 
_ transmitting-receiving set. . 


2,182 
8, 57 


. 8,129 


Bandspread, see radio receiving sets 
Barretters . 


Beacons for aerodromes: 

light beacons 

radio beacons . . 
“Bi-Arlita” lamp (coiled- coil) , 
Bicycle dynamo . : 
Bicycle rear lights and reflectors . 


Biological effect of ultraviolet 
radiation: 
cure of rickets (Vitamin D) . 
erythema and conjunctivitis . 


“Biosol” lamp. . . 
p 


Black-out illumination, see illu- 
mination 


“Blocking”’ of oscillators, investi- 
gation with oscillograph . 
Blocking layer photocells . 


Blocking layer rectifiers, see recti- 
fiers 


Brightness: 
in connection with blackout 
problems . 
definition and significance . 
of mercury lamp and sun 
of night sky 


Broadcasting: 
motor van for—. ... 
studio installations, see med er 
that title 
studio investigation with op- 


tical model. 5.321 

experimental station . . moe wee 
Bulbs, flower, influence of X- ‘ray 
treatment on. : Pray | 
Bullet finder 5,309 
Bicycle-Dynamo— .. . 

construction . 3, 88 

investigation 6,215 
Cables, see Power Cables 

localisation of defects . . . 7,113 
Cables. equalisation of —. . . . 7,184 
Cancer Institute, Amsterdam 
X-ray installation. . . . . . . 4,153 
Candle power, new. .... - ites 1 
Change over (automatic) . . 8,310 
Car-radio, see receiving sets 
Carrier Telegraphy. ..... .- 8,206 
Carrier wave telephony, see tele- 
phony . 
Cathanodems. <0... =. Fea Foor 


Cathode-ray oscillograph: 
applications: 
armatures. testing in mass 
production . . 
“blocking” of oscillators 
chemical analysis (polaro- 
graphy) . . 
feat af modulation . . 
electron switch as } 
auxiliary .....- 


4, 88 
3,25] 


4,231 
3,248 
4,267 
3,148 


37] 
the volume, and the 
frequency measurement. 3,341 
frequency modulation, 
control. . 3,248 
fuses . 4,118 
gas- discharge lamps, cur- 
rent and voltage . . 3,148 
hysteresis loop. . 3,341 
Ta-Va diagrams 3,039 
mechanical stresses. . 5, 26 
mechanical vibrations . 5,230 
pitch of orchestras, con- 
trol . . 4,205 
power mains . 3, 50 
resonance curves of. 
receiving sets. . 4, 85 
scanning speed . - 3.216 
stresses on Diesel engine 
parts bey 6-94 
( 3, 50 
Survey arenes 
‘ ( 248 
339 
construction: 
GM 3150 . 1147 
GMS 152 iomtnt . 4,198 
GM 3156 (tool making g) 2 9,277 
see also Cathode-ray tube 
Cathode-ray tube: 
electrode system, potential 
field (plate) . 4,229 
focussing of electron beam oe le BiB! 
post- pacceleration tube SPE 
applications: 
characteristics of output 
valves . 5, 61 
characteristics of trans- 
mitter valves . . 4, 56 
phase angles, measure- 
ment . 5,208 
6 oe Als 4 5,348 
pressure indication. . ) 6, 22 
recording oscillograms . 2,148 
scanning speed: 
apparatus for measuring 3,216 
calculation, measurement, : 
practical conclusions . 2,148 
enlargement by post- 
acceleration ... . » 5,245 
secondary emission of 
screen . 3,211 
ray intensity, regulation 1, 91 
television tube with in 
netic deflection . 4,342 
television tube with pro: 
jection of image . 2,249 
applications in which an 
ordinary oscillograph 
apparatus is used, see 
under Cathode-ray os- 
cillograph 
Cavities 
flat — as electrical resonators 8,149 
Change over on spare parts. 
Chrome iron for metal-glass joints 2,306 
Cinematography, light sources . . 7,161 
Clandestine set production . . . 8,337 
Classification, decimal universal 3, 27 
Cold emission .. . . 4,100 
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Colour EOS io additive me- 
thod . sone ecm 


Colour rendering of light sources: 
improvement: 
electric lamps 
phan” glass) . 
mercury lamps (lumines- 
cence) amen ; 
mixed light : : 
method of comparison of 
sources of “white” light . 
photometer for investigation 


(“Phili- 


Colours 
colour deviation, control . . 


columu (positive) 


diagram (ICI nies 
perception of — : 
Condensers: 
electrolytic — : 
heavy current—. . 
linear action — 
pressure — 
— low losses eeteeurome 
10 000 kVA battery . 


Contact: 
contact are welding, see welding 


Discharge: lamps, see Light Sources 


contact pressures, control 6, 61 
contact resistance: 
convergence resistance . 4,332 
transition resistance (in- 
fluence of adsorption) . 5,238 
contact springs, vibration . 7,295 
contact therapy ee apps 
ratus for—. 8, 8 
Contrasts and visibility: 
in jroad lighting . 1,166 
in X-ray fluoroscopy. . 4,114 
Converter of direct current, see 
vibrator 
Copper wire, non ferrous . 8,315 
Counting electrons, apparatus. . 6, 75 
Course finder for aeroplanes. . . 2,184 
Crystal structure, see structure 
analysis, also X rays 
Damping mechanical vibrations . 1,370 
Decibel, definition and use . Bee pe ey 
Decimal classification . By Atl 
Decimetre waves, diode for voltage 
MEASULEMLETL CH on tess ales a oes 7,124 
Defective hearing . 4,316 
Densitypmetertas.\. 1. ake aoe . 9,331 
Dials, station . . ‘ . 4,284 
Diamond: 
crystal defects . . 2,254 
digs atx ieg cn sso ie 5, 14 
Diaphragms for X-ray, Photo- 
graphy. . 8,183 
Dies: 
diamond 3 A Beles 
: hard-cemented carbides b . 4,309 
Direct-current dynamos, voltage 
regulation with triodes . 3, 97 
1,183 
Disc test for machinability. . . } 1,200 
Diode: 
voltage measurement deci- 
metre waves .... . ad, bd, 
Frequency changing valve - 6,285 
Direct current supply apparatus 6, 54 
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Distortion: 
due to magnetic causes . 2,193 
in coil-loaded cables . . 4, 79 
in the ear. . 4,172 
in sound film with! oblique slit 6,110 
measurement of — in loud- 
speakers . . . 4,354 
reduction by negative feed- 
back, see negative feed-back 
Dynamo: 
bicycle — . - 6,215 
pocket torch . 8,225 
Dynatron . . 3,133 
Ear: 
distortion . : . 4,167 
directional hearing . - 6,359 
perception of pitch . 9,286 
sensitivity . . . 2, 47 
sharpness of hearing ame 6,234 
Elastic constants of snetals A be ey? 
Electric field strength, maximum 6,270 
Electric lamps, see light sources 
Electric networks, losses 5s TEENS 
Electrolytic condenser - 2, 65 
Electrometer triode Oe o4 
Electron counting apparatus 
application in tracer method 8,334 
description 615 
Electron diffraction diagrams: 
general use ; . 9,157 
texture investigation é egal Ce} 
Electron microscope: 
construction and applications 1,312 
investigation of a-y transition 
in iron. aie eso Lin 
Electron multipliers: 
construction . 3,133 
use in television Presauiittoe ye 
Electron switch : 
description : cee Ac cOn 
example of application oP, ds LOU 
Electron trajectories: 
in magnetron . 4,189 
in multigrid valves 5,131 
model for investigation of — ~ 2.338 
Electronic valves, see radio valves 
Emergency apparatus, change over 8,310 
Enamelled wire properties and 
applications. 1. aeneme . 3, 40 
Engines, air. . reed i 0 8,129 
Enlarging apparatus. .... . 3, 91 
Equalisation of cables . . 7,184 
Equivalent networks with highly 
saturated iron cores. .... 2.276 
Exposition illumination, see illu- 
mination 
Eye: 
brightness contrasts . . . . 1,166 
characteristics with pefexenée 
to level of illumination of 
LTOads Ele ee ae we ae ele 
colour perception wel 283 
colour space Siserany aoe 
plare® oy.4< LEB 
illumination ‘andl visibility . 5,296 
speed of vision and visual 
acuity eo as eee eee 
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Fastness-to-light meter: 


description Sunt bares 
radiation intensity . . 2,282 
Femur neck nailing 8,237 
Ferrites (“ferroxcube’’) . 8,353 
Field strength, maximum electric 6,270 
Field strength measurement: 
accuracy Spc 5,149 
recording apparatus 2,216 
Film projection: 
incandescent ee for film 
projection ee seans 8, 72 
with water- cooleda mercury 
lamps . 4,. 2 
Filters, electrical: 
for carrier-wave telephony . 7,104 
general theory . « . 1.240 
high and band-pass 1,327 
influence of losses . 7,138 
low-pass 1,298 
practical calculation 1,270 
table . : 1,332 
transmitting of impulse 1,363 
Filters for oil, see Oil-filters 
Flashlight lamps: 
peak time. . 4,148 
“Photoflux”’ « L289 
synchronizers . 2,334 
Flickering: 
improvement by luminescence 3,272 
of electric light sources. - 6,295 
Fluctuations, current and voltage 6,129 
Fluorescence 
Application 
in high pressure mercury 
lamps . stone 5,341 
in low fressure mercury. 
lamps 
for general illumination 6, 65 
for testing and research 3, 5 
high voltage lamps » 4,337 
principles . . 3,272 
Fluorescence and phosphorescence, 
different forms . . Sn Fo coma za 
Fluorescence phenomena theory . 3,125 
Fluorescent lamps 
fluoroscopy, problemsin — . 4,114 
high tension lamps ~ 4,337 
low tension lamps . . .. . 6, 65 
living room, lighting with . 8.267 
Foundry: 
high-frequency furnace . . . 1, 53 
X-ray testing of castings . . 2,377 
Fractures of the neck of the femur 8,237 
Frequency analysis, recording app. 7, 50 


Frequency characteristic, recording: 


automatic recording appa- 
ratus. gs). 3 Se oe nn Bae 
tone generator for . . 5,263 


Frequency, measurement of, — 
with oscillograph . 


Frequency modulation 
comparison with stig 
modulation . : : 
control with oscillograph ‘ 
principles? o>.’ 1S facie 


ultra short wave link with — } 


Fuses, electrical testing with os- 
cillograph : 


—— 


Gas-discharge lamps: 
alternating current connection 
oscillograph investigation . 


- 3,339. 


. 4,118 - 


2,103 


. 3,148 
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see also gas discharges and light 
sources (mercury and sodium 
lamps) 


Gas- -discharges: 


comparison of sodium and diy i 
mercuty: lampsor. 3... ? 1, 70 
excitation and ionization in 
positive column. 3,157 
light emission in positive co- 
lumn of mercury, sodium, 
WEOMS 6 Oo oo Avi oe 6 to- py By 
luminescent tube-wall with 
low pressure mercury column 3,272 
Gases, detection of poisonous . 8,341 
Gas-filled photocells, inertia . 4, 48 
Gas-filled rectifier valves: 
physical principles . 2,122 
see also rectifiers (hot cathode 
rectifiers) 
Getters . 5,217 
Glare in street ‘lightning 1,225 
Glass: 
composition, properties, use 2, 87 
joints with metals (chrome 
iron) 2,306 
metal leads through : 3,119 
sintered . eae: a6, 2 
vitreous state . . 8,231 
Gramophone records: 
simple apparatus forrecording 4,106 
speed of playing . 2, 56 
stereophony on — 5,182 
Hard metal (“hard cemented 
carbides’’) . . 4,309 
Hardness, dehnitiow! endl measure- 
ment ; 2.177 
High frequency ‘furnace with valve 
generator . I, 53 
High-voltage: 
assembly of 10° volt generator 
(photograph) . 58 4,159 
field strength in — con- 
structions . 6,270 
generator for 10° volts on n the 
cascade principle . ik @ 
installation of Cavendish Tas 
boratory . 2,161 
rectifying valves, see Recti- 
fiers 
X-ray tube construction. . . 4,153 
Impulse voltage generators, 
see under that title 
_ Hysteresis loop: 
measuring apparatus for soft 
Iron) «=. : . 2, 84 
oscillographic recording . « 3,339 
Iconoscope ee Lcl8 
Tilumination: © 
4, 93 
aerodromes ....+--s } 6, 33 
architecture. and — . 2, 8 
blackout-illumination : 
_ brightness of night sky. 5,296 
conception of brightness 6,161 
filter method .... . 5, 93 
principles . . ho oe et 
blended-light lamps aC Oioes, 
cinematography . . . - 7,161 
- cruiser “De Ruyter”, festive — 
(photograph). ..... . 1,282 
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expositions: 
Liége 1939 Ona, 
lndsiaty, ORY 5, Bl . 2,361 
“Well lighted house”. . 4,174 
flickering of light sources. . 6,295 
general principles of public . 2,110 
incandescent lamps, efficiency 6,334. 
indirect —, light distribution 
on meneerionl . 5,125 
UJlumination intensity in of- 
fices and homes . 8,242 
lamps for photography . 6,259 
League of Nations Palace, 
Coreaa 3,322 
linear light sources: ri 
illumination intensity, 
shadows, reflection . 4,181 
reflecting surfaces 5 Be UG 
calculation of installa- 
tions Shorea mon cree OFLA: 
living room lighting with 
fluorescent lamps . E 8,267 
mercury lamps, heliographic 
printing 6 were 237 05200 
mixed light. . . 5,341 
railway yards . 4, 61 
road lighting, see under that 
title 
series connection lamps . 6,105 
ships (“Nieuw Amsterdam”) 3,356 
streets: 
principles . . 2,142 
reflector. 5 BY, 
tennis courts 5. Ia 
theatre illumination See teak 
work benches . : 1d5 09 
Impedances: 
measurement with resonant Lecher 
system. . 8, 16 
with non-tuned Lecher system . 8,278 
Impulse generator for carrier fre- 
quency . 8,137 
Impulse-voltage generators: 
Hoye PA S< UDA Ges 1.236 
for 4 x 108 V and 8 kW sec. 3,306 
Indicator for internal combustion 
motors, see Pressure indicator 
“Infraphil”’ for infrared therapy. 8,177 
Infra-red radiation, surveillance 
system. . ees . 1,306 
Infra-red therapy, apparatus . } aaa 
Intelligibility oo SIRS 
Inverse feed-back: 
principles and ia alas of 
application. . . 2,289 
use for expansion in sound 
reproduction ...... . 3,204 
use in receiving sets . . . 1,264 
use in repeaters . . . . 2,209 
Ionosphere, radio verison: in 8,111 
Iron filament tubes (barretters). 3, 74 
Iron lung . . . 4,325 
Isotopes as Tracers, see Tracers 
Lacquers, adhesive force . . . . 8,147 
Lamp factory and vitamine, see 
vitamine 
Lamps, see light sources 
Laryngophone. . . 5, 6 
Leads, metal, through hard ‘glass 
and silica Meets £08 Se oe. 8,119 
Lecher systems .....- - . 6,240 


League of Nations palace, Geneva: 
electro-acoustic pes 
illumination . 

Liége, illumination of W ater E x- 

position 1939. 

Light-house lamps . . 

Light intensity, unit . 

Lightning, electrical data 


Light sources: 
alternating current connec- 
tions of gas-discharge lamps 
assembly of 10 kW lamp 
(plate) . 
“Bi-Arlita’ “lavips (coiled- coil) 
bicycle rear lights . : 


blended-light lamps 
cinematography “ig 5 
colour rendering, see under 
that title 

efficiency 


film projection lamps 


flickering ; 
for photography F ; 
incandescent electric lamps: 
light- house lamps 
intensity level. . . 
Philora HP, 200 (orginal) . 
“Protector” Jamps . . 
series connection . 
sodium lamps . x 4 
tungsten ribbon jamps . 
Linear —, see Mlumination 
Living room illumination: 
with fluorescent lamps . 
mercury lamps: 
“Biosol” lamp. . . 
blended-light lamp . 
comparison with sodium 


lexis ahaa et 


for heliographic printing 
high-pressure-, aircooled: 
HP E300r 
HPL (luminescence) 
for enlarging SEDs 
ratus : : 
for photography . 


high-pressure, watercooled: 


brightness . 


for film projection . 
HP and SP. 
low-pressure-, with lumi- 
nescence . 
sodium lamps: 
applications in sees 
graphy . 
comparison with mercury 
lamps.) ae ye 
high-frequency _oscilla- 
tions . 
principles ‘and. develop- 
ment hc torcnenin 


Linear light sources: 
application, see illumination 
luminescence lamps 


Loading coils: 
magnetic core material. . . 
use, see telephony 
X-ray examination of core 
material . . 


Loud speakers: 
directional effect, sound dif- 
fusers ee eee 
efficiency . . ee SST 
electrical megaphone tercareas 
testing i 


. 4,337 


Zam 
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Luminescence, see Fluorescence 


Luminous standard ae 
inabili estimation by 4 1,183 
aremeby - t 1,200 
Macrostructure, see Xs rays : 
Magnetic materials, non- metallic 8,353 
Magnetrons: 
as direct current amplifier . 8,361 
theory Ca eae aL OS 
use in transmitter : 5 242M, 
Magnets: 
calculation 4 a CB) 
lifting power . 5,195 
Magnet steel: 
high power steel. . 6, 8 
theory, HL Boies of different 
kinds ; : 208 
use for magnets . 5, 29 
Mains: 
oscillographic investigation . 3, 50 
protection ese een vol- 
tages 2,225 
Manometers for low. gas ipresctires 2,201 
Maintenance measurements, see 
telephony 
Manufacture, methods of checking: 
cathode-ray oscillograph for 
testing . 5 4, 85 
universal testing set for radio 
valves . 5 PRM 
X-ray canttot Of erases . 3,186 
Material testing: 
automatic — with ionization 
chambers and X-rays. . . . 3,228 
: ; 91,312 
electron microscope tor — ? 1,320 
hardness Seca Ge NLT 
machinability ..... = en 
structure analysis; see under that title 
X-Ray: 
apparatus. . . 9, 69 
examples: 
assembly . 3,186 
Castitigal an seams 2,377 
riveted joints 6 Pepi) 
welds. . Hgawoas oe 
methodtew .eeenrc . 2,314 
Measuring bridge, SHOPS appa: 
ratus (Philoscope) . See HAD 
Mechanical stresses, investigation: 
with cathode-ray ee 
(varying —) .. , 5, 26 
with X-ray diffraction . . . 1,373 
Mechanical vibrations: 
damping of — . . 1,370 
vibration recorder for investi- 
gation of - with oscillograph 5,230 
Megaphone, electrical . : 4,271 


Mercury cathode, metal rectifier 
with 


Mercury lamps, see Light sources 


Metals, texture of . ... a4 
elastic constants. ..... 
permeation of gases: 

experiments 
theory 


Metal-vapour lamps, see Gas- 


discharge lamps 


Microphones: 
absolute calibrated—. . . , 
laryngophone ...... 
review of different kinds. . . 
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Mixing valves, for beam electrode 3,266 
Modulation frequency 8, 42 
depth, measurement with Tosealins 
graph 3,248 
Motor van for a recording 4 4, 73 
Moving coil meters, non-ferrous 
copper wire for. . . 8,315 
Music: 
fortissimo and pianissimo . 2,266 
pitch intervals . : 2, 47 
pitch of orchestras, statistics 4,205 
pitch, standard are 5,243 
playing speed of gramophone 
records tse ‘ Se ee, ue 
Musical instruments: 
church bells . . 5,293 
compass of various — 2, 49 
violin, amplification of sound 5, 36 
Neon lamps for irradiation of 
plants . 1,193 
Negative Feedback: 
application in radioreceivers 1,264 
application in expansion with 
sound transmission 3,204 
principles and applications . 2,289 
repeaters in telephony . 2,209 
Networks: 
duality of — and detaea 
configurations 5,324 
equivalent —, with highly ; sa- 
turated iron core... 2,276 
filters; see under that title 
influence of losses . , 7,138 
Neutrons production and use . 3,331 
“Nieuw Amsterdam”’, illumination 3,356 
Nipkow dise: 
construction . 4, 42 
interlaced scanning . 3,285 
use in television transmitter 2, 72 
Noise 
cause of — t cis vapors toe Osteo 
in: amplifiers. . see eed ee 2,136 
in amplifier valves . 2,329 
in receiving sets . 3,189 
in soundfilm reproduction 8, 97 
in ultra short wave reception 5,172 
6,178 
“Normandie’’, sound distribution 1, 11 
Nuclear physics 
apparatus for transmutation: 
(1250. 7b V) 28 Sec orem 6, 46 
neutrons, production and ap- 
plicationy some ae eee 3,311 
survey L937 see. aa. 2, 97 
Octave and decibel 3 Re 
Offices, illumination intensity . . 8,242 
Oil filters: 
ACL ONFOL wie me teres Se Os LOO 
COMSLIUCHION en cy ce ie eee OD) 


Optical models for investigation of 

auditorium acoustics: 
investigation of directional 
distribution Aa ielacs 
principle; investigation of in- 
tensity distribution . .. , 

Optical telephony 


Oscillograms, distorsion: 
causes in the amplifier. . . 


. 5,321 


1, 46 
1,152 


5,281 
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causes in the tube. .. . } a 
Oscillators, triode: 
multireflection tube , ao,200 
stability Peer x2 
with grid condenser 7, 40 
Output valves, see radio valves 
Paris, illumination world expo- 
sition 1937 . 5 ee oOn 
Passenger ships, illumination é 3,356 
Pearls, X-ray epee for gen- 4 1, 60 
uineness . . cies Sete eel OO 
Pentodes, see radio valves and 
transmitter valves 
Perception of pitch . 5,286 
Permeability of metals for gase 6,365 
pH-meter . : 7, 24 
pH measurement with electrometer 
triode . 5, 54. 
Phase angles, iaeenireiene ‘with 
cathode-ray tube . 5,208 
Phase displacement, measurement 5,300 
“Philiphan” glass, influence on 
colour rendering 3, 46 
Philips Miller system of sound re- 
cording: 
distortion, oblique slit 6,110 
machine for recording and re- 
production . 5, 74 
principle 1,107 
recording strip. . . 123) 
sound recorder 1,135 
sound-track cutter . 1,211 
stereophonic recording . 6. 80 
use in motor van ee Fe 
“Philishave” shaving apparatus . 4,350 
»>Philite”’ 
properties and manufacture 1,257 
use, table of properties . 3, 9 
“Philoscop”, measuring bridge . 2,270 


Phosphosrescence, see Fluorescence 


Photocells: 
amplification pe 
emission . 
application: 

optical telephony 


secondary 


photometry . . 


surveillance system 
television .. . . 
blocking layer— .. 
iconoscope 
inertia of gas- filled © 
principles “and development 
Photocurrent, measurements 
with electrometer triode } 
“Photoflux’’ lamp 


Photography: 
colour photography, additive 
method . . 


enlarging apparatus with mer- 
cury lamps. .. . 

flashlight lamps, see " under 
that subject 

incandescent lamps for— . . 
— with mercury light (HPL) 


lamp*? 4s es 
— with sodium light reap 
Photometry: 


definitions of brightness . 


~ 
% 
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general problems. 6 ALITY) 
new luminous standard Ose) 
physical— . . 4,260 
spectral — (block method) . 4, 66 
subjective —. . EAD) 
Paekures ie P . 5,166 
tungsten ribbon lane for — 5, 82 
Pitch of instruments . . 4,205 
Planigraphy_—.<.. -. - 9,309 
Plants, irradiation of . 2 1.93 
Polarography . 4,231 


Positive column, see gas discharges 


Potential fields, recording with elec- 
trolytic tank 
applied to igniter of ey 


- valve 8,346 
| method . . 4,223 
Powder metallurgy . . 4,309 
Power cables 
localisation of faults . celal 
.testing apparatus Se!) 
Pressure condensers . 4,254 
Pressure indicator: 
construction . > 0048 
recording. of diagrams nO 2, 
“Protector” lamps . a 40515 
Public adress . 3,221 
Push-pull amplifier valve (EFF 50) 5,172 
Pyrometer, optical, in hardening 
department. 6, 30 
Quartz glass, metal leads. . 3,119 
Radiation measurements: 
density meter . . 5,331 
i photographic (X- ray) dosages 1, 60 
with ionization chamber and 
electrometer triode ... . 5, 54 
Radio interferences: 
causes and method of trans- 
mission . va a 200, 
combating .. ee 4.237 
— due to sodium lamps . YS 
Radio investigation of the Ionos- 
i Dhiereie ree! ka ie oot. se a a, 8,114 
E Radio receiving sets: 
a band spreads = 27%). 2.4. ; PGi 
be CALEFaAUION ot. os. sy oy ag IP 
— compression and expansion . 3,204 
5 : frequency characteristics . . 5,115 
es h.f. oscillator for testing . . 6,154 
3 magnetic tuning; negative 
fol feed backhoe... -« ss . 1,264 
es noise in—. .. 3,189 
nyc, noise at very high frequency 6,178 
ee push-button tuning: 
bee with linear action con- 
See ensetinies totactacteis 4s lt 
Boots SRG ec) 2) oe 3,253 
a ‘resonance curves, contro] in 
pet -mass production .... . 4 85 
-——s seeret production in war time 8.337 
»— springs, contact... . . GAS 
_ superheterodyne principle, de- 
_monstration .... .- el a6 
eo" _ super-regenerative reception . 5,315 
isis _ vibrators REVO E ck a oh ve e042 
oo Radio valves: 
characteristics, fecor ding ; 3.339 
; with oscillograph ieee thos Ol 
Ss) _ construction; ‘otha 4,162 
ons parciont technica ro- 
pl . 6,317 
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diode for frequency changing 
electron trajectories in— . 
frequency changing 
influence of transit times, self 
induction, mutual induction 


of connections 3,103 
influence of transit times and 

space charge; amplification 

with negative anode a 
measuring apparatus for — . 2, 57 
noise Hue 2,329 
pumping plant for — (photo- 
graph) Sere Rie pees) Ol aT 
series of small — 5g PAS!) 
Secondary emission in —: 

application 5 Jebel 
harmful results 5 BPA 
special valves: 
double cathode connec- 
tion (EF 51) 5.357 
electrometer triode . . 5, 54 
four-beam electrode 3,266 
gas-filled triodes . . 1,367 
output valves, power and 
distortion * 5,189 
output valves, testing 
with oscillograph . 5, 61 
push-pull amplifier valve 
(EFF 50) Pea pole 
see also: transmission valves 
Radio waves, propagation . 4,245 
Railway yards, illumination 4, 12 
Rare gases: 
analysis of argon-nitrogen 

mixtures . ; 5, 88 

manufacture of — . 4,128 
Rear lights for bicycles 5,335 
Recrystallization, X-ray investi- 

gation... = Cageedt 
Rectifiers: 
blocking-layer rectifiers: 
theory . 4,100 
use of Sitteas malves 5 Hh) 
controllable unit 20 KV, 

18 amp etek LOL 
for telephone exchanges . ee 
high-voltage valves: 

for cascade generator 1, 16 

for X-ray diagnostics. . 8,199 
mercury cathode valves: 

with metal envelope . . 1, 65 

dielectric igniter . 8,346 
principles of gas-filled rectifier 
valves . . Sn CEU 

relay valve (DCG 5/30). 1,161 

stabilized d.c. supply. 6, 54 
Reflexion: 

brightness coefficients of road 

Cine oud Gpoeees 3,313 
light distribution upon — by 

different materials 5.125 
reflector for street lighting. . 5,222 
relaxation oscillations Bo Sse) 
‘triple mirror aged re- 
REECE) Ace ee ee me eS oa 

Relay valves: 

controllable rectifier unit with 

men CGL5/S08 «hs ee ws, 1,161 
—as timing devices inscam 

welding 5° chee ee Oa lee eet 
Resistance measurements: 

apparatus for— . . . . + - 2,270 

—of liquids. .... . 3,183 
Resonance curves of pecan ine sets, 
measurement. .... +--+ + 4 85 


Tali. f 
flat cavities as . 
Respiration, artificial — 


Resonance circuits, 
Resonators, 


Reverberation, see Anditerrant 

Acoustics 

Ribbon lamps . Agee eS ay chee 

Riveted joints, X-ray investi- 

gation . open 

Road lighting: 

installed systems: 

measurements . 
Purley Road, Croydon 
(plate) . 


physiological principles: 
brightness and apparent 
brightness : 
general properties of the 
eye uy 6G 
glare . . Sta Oe 
sensitivity to contrast 
and wealth of contrast 
visual acuity and pee 


of vision . 
reflection of road surfaces 
desired brightness and 
contrasts. . 
distribution of bright- ; 
ness... el! 
visibility meter for judging 


“Rotalix”’ X-ray tube . 


Scanning speed, see cathode-ray 
tube 

Scattered X-ray 
X-rays 


radiation, see 


Secondary emission: 
applications: 

cathode-ray tube : 
dynatron, electron multi- 
plier, 
emission of different ma- 
terials . . 
photocell : 3 
undesired effects in am- 
plifier valves... 


Selenium valves: 
principles, preparation . 
use in rectifiers . . 6 
Shaving apparatus “Philishave” 5 
Short wave therapy, generators . 
Signalling in carrier telephony. 
Sintered glass 


alte fs Wie ©) 08 wie 


Soapstone, X-ray tests... . 5 


Sodium lamps, see light sources 
Sound: 
amplification: 
apparatus for improving 
defective hearing . . . 
League of Nations Palace 


megaphone ..... - 

SNormandiem sens ts «a 

principles, applications . 
BUGIOMELCLAE shale Cells aus one 
auditorium acoustics, 


under that title 
distribution, see — amplifica- 
tion 
intensity of different sources 
radiation: 
pressure measurements . 
theory and models. . . 
recording: 
gramophone records, sim- 
le apparatus : 
eechines for sound film . 
motor van for—.. . - 


amplifier valves, 


see 
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Philips-Miller system, see 
under that title 
stereophone records, see 
stereophony 
reproduction: 
compression and ore 
sion . 
fortissimo and pianissimo 
in radio apparatus . 
stereophony —, see 
stereophony 
spectra: 
acoustic spectroscope . 
light diffraction by sound 
UNE 6 oc 
rapid recording apparatus 7 
stereophonic images 
synthetic sound . 
tone generator . 
transmission, expansion and 
compression 


ote pevtyel oaks 


units . 


) 
a 
Sound diffusers in loudspeakers 


Sound film: 
distorsion with oblique slit . 
light diffraction by — 
machines for recording and re- 

production 4 

noise in reproduction, countes: 
acting . 
Philips- Miller system, see 
under that title 

Spare parts, automatic 
over aah 

Spring balance 

Springs, contact 

Stabilizer with ever saturated 

iron core . 


change 


oe] | loupe vermn« 


tage wie 
Stability triode- oscillator ants 
Starting resistances, automatic . 
Steel, austempering of —. . . 


O16, ed) 6 ee late 


Stereophony: 
directional hearing . 
formation of images . 
Principles. e..-n ecient 
stereophonic records é 
stereophonic apparatus for the 
deaf racer 
stereophonic recording 


ay otee) ie. pees. 


Street lighting, see illumination 


Stroboscope . 


Structure analysis, X-Ray: 
applications: 
analysis of mixtures . 
crystal defects. . 
crystal size 


identification ... , 


mixed crystals. . 


. . 
——_— 


recrystallization . 
strains 
survey 


.texture . 


texture of metals .. . 

td. of Ni-Fe. . . . 

id of; Motes wens ae 

id. electron rays. . 
method: 

general 


Cpe” Boras Sawa ae 
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“sensitive” lines . steal easy) 
X-ray tube for — es cOo 
Studio: 
equipment - . 4,136 
electro-acoustic installation . 6,139 
installation . 4,136 
peak voltage in installation Be dy) 
Superheterodyne reception, de- 
monstration model a6 
Super-regenerative receiver . . . 5,315 


Supply, carrier, sec telephony 


Surface layers, X-ray paar So 4 1, 31 
fam 4 6 Celnos 
Surge voltages, protection of mains 
against . 2,225 
Surveillance eystem ‘with infees red 
rays... 1,306 
Synchronizers for flash- light photo- 
graphy . 2 2,334 
Senthethic sound . 4,167 
Tank, electrolytic . . 4,223 
Telephony 
cables, equalisation 7,184 
carrier-wave telephony: 
description : «= 6,325 
on coil-loaded coblee Fi 4, 20 
carrier supply . 8,137 
distortion in coil- loaded cables 4, 79 
filters, see under that title 
loading coils: 
core material old 
USeuAee ee 1,353 
maintenance measurements on 
carrier telephony equipment 8,249 
modulators — ater Pe Tee: 
optical telephony Glee Eiee 
rectifiers for sae SiGe Ol DAS 
repeaters 2,209 
signalling in carrier — ore 
switchboard wires 6, 85 
ultra short wave telephone 
connections: 
Eindhoven—Nijmegen 2,299 
Eindhoven—Tilburg 2A41 
with moving automobiles 5,315 
for tropics ... . 6,120 
using frequency modu- ; 8,121 
lations ee ( 8,193 
‘Telescope mirrors). <3. seen 1,358 
Television: 
experimental transmitter . . 1, 16 
Nipkow disc, construction . 4, 42 
projection of image . 2,249 
mc 2, 33 
FCGE]lVING (SCtS ce) es ssn toute ; 4,342 
transmitter with iconoscope 1,321 
idem, portable . Sees nh eal 
transmitter with Nipkow disc 2, 72 
idem with interlaced scanning 3,285 
transmitter, experimental 7,129 
Temperature measurement with 
thermo-elements 5,214 
Tempering of steels 6,279 
Texture investigation, see struc- 
ture analysis 
Theatre Utrecht: 
accoustics a 75-9 
illumination ut eee. 
Therapy: 
infrared (“Infraphil”) . . . 8,177 
X-Ray — (for 400 kilovolt) . 8,105 
short wave generator. . . . 7,14] 
Thermo-elements for temperature 
meastrement . 95... 2 5 4 5,214 
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Thermo-junctions 
Tone generator 
Topological consideration of net- 


works . . . 5,324 
Torch, Dynamo Pocket . . 8,225 
Tracers 
isotopes used as tracers 8,296 
technique of — . 8,330 
Transmitters: 
broadcasting transmitter Rio 
de Janeiro (photograph) . 3, 58 
new broadcasting transmitters 6, 1 
short wave station P.C.J. Sake 
television transmitters, see 
television 
ultra short wave transmitter 8,121 
Transmitter-receiver installations: 
Eindhoven—Nijmegen 2,299 
Eindhoven—Tilburg paral 
for aeroplanes . 1,114 
for automobiles 5.315 
for tropics . 6,120 
: : ¢ 8,121 
using frequency modulation i 8.193 
Transmitting valves: 
air-cooled — . s 4,121 
characteristics, recording with 
cathode-ray tube . oO 
development, eoneracrare 
oleh 2,115 
development of new series . 6,253 
discharge phenomenon . . 6,208 
gas-filled ae cathanode 1369 
hum of — san eos 5,100 
pentodes 2:25:0 
Transmutation of atone Nutler: . 6,46 
Triodes, see Radio valves and trans- 
mitting valves 
Tuberculosis, detection by large 
scale X-ray examination. 1,335 
Tungsten: 
preparation . - 4,309 
a and f modification aos 
ribbon lamps {wosEoe 
thorium in— . geal Ei eis) 
working (plate) . oe Ogle 
Ultra short waves 
automobile transmitter 
receiver Rb Seis 
cavities, flat — as pesbna tare . 8,149 
impedance measurement, see 
under that title % 
Lecher systems ..... . 6,240 
‘ , 5,172 
NOISe reception 2..7. = 3 ; 6,178 
resonance circuits . 6,217 
telephone links, see telephony 
valves 
amplifier valves double Sy 
cathode connection . . 5,300- 
general behaviour on 1171 
X ultra-short waves . } 3,103 
magnetron ou roe Sa EBD: 
push-pull valve . . .. 5,172 


velocity modulating 


valves, see under that title 


Ultra violet radiation: 

biological effects: 
general. ot en ae 
Vitamine D272. . 


industrial application for lu. 


minescence research. . . . 


‘ 


. 3,165 
. 5,263 


—. 


ei 
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transforming direct current 


MREWOM ARG ule, ae ey c 
‘Violin, perspectives in deve- 
lopment... : 


Visibility meter: 


_ cinematic investigation . 
: “Al 


Units: 
decibel 2, 47 
Giorgi : hen . 6,303 
new candle power E atl 
phon. . . 5,243 
Valves, small radio: ; 8,289 
Velocity modulation valves: 
multi-reflection tube . 8,257 
theory ren 8,214 
Vibration recorder . 5,230 
Vibrator: 
converting direct into alter- 
nating current . . 2,346 
for receiving sets 6,342 


principle and construction 1,349 
use, results of measurements 4,292 

_Vitamine D . - 3, 33 
Vitreeus state, see glass, 

- Voltage regulation of direct current 
generators with triodes 3, 97 
Watercooled mercury lamp, see 
light sources 
Waves, radio — round the earth 4,245 

Wel 

\ beiaee are welding ‘ oie 
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efficiency of welding rods. . 3,352 
fusing of welding rod, X- -ray 1, 26 
joints, mechanical properties 6, 97 
methods and kinds of rods. . 2,129 
penetration and speed . 8,304 
porosity of welds 16, hi 
relay valves as timing devices 1, 11 
tensile strength of weld ma- 
terial 3,279 
transfer of material (overhead 
welding) . ; a the) 
twin current welding unit . 1,338 
X-ray controlof welds. . . . 3, 92 
Well-lighted house, see illumina- 
tion 
Wire, non-ferrous for telephone 
switchboard 6, 85 
White light,— see colour rendering 
Work bench illumination . 3, 53 
X-ray: 
apparatus for testing material 5, 69 
apparatus for contact therapy 8, 8 
diagnostics: 
camera photographs 5,258 
fluoroscopy (protection 
against radiation, obser- 
‘vation of objects). . . 4.114 
fluoroscopy with enlarged 
rhengeey 4g) GGG ono on Grell! 
localization of objects 
(projectiles) - » 9,309 
small apparatus . . . . 6.225 
tuberculosis detection . 1,335 


universal apparatus 
diffraction diagrams: 

special applications, see 

under Structure analysis 

survey of interpretation 

and ‘applications 
eliminating scattered radiation 
material testing, see under 
that title 
photographs: 

camera photographs 

density meter for aa 

films. 3 

protection from radia- ; 

tion . 

radiation of flower bulbs 

short exposure times 

(LOsSisect) tie ecor sa, « ee 

stereoscopic— . . 

welding process (trans- ; 

fer of. drop) ’ 

structure analysis, 

under that title 
tubes: 

fine focus . 

for structural analy: sis 

for therapeutics, ns to 10° 

volts. : 

hard glass tubes i in n oil . 

with rotating anode 


see 


Zirconium: 
preparation and use . . 
use as getter 
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Addink, C.C.J. and Pol, Balth. v.d. 


The pitch of musical instruments and orchestras . 4, 205 
Alexander, J.W. 
A vibrator for the connection of alternating current 
receiving sets to the direct current mains 2, 346 
cA RCATSUACIO Mas cate beksdstts Rie he ere le siete 3, 112 
Alma, G. and Prakke, F 
A new series of small radio valves. .....- 8, 289 
Alphen, P.M. van 
A photometer for the investigation of the colour 
rendering reproduction of various light sources. . 4, 66 
Aninga, J.B. and Burger, G.C.E. 
An apparatus for artificial respiration (“Iron lung”) 4, 325 
Assum, A.H. van and Timmer, A.L. 
A surveillance system using infra-red-rays. . . . 1, 306 
Aten Jr., A-H.W. and Heyn, F.A. 
The use of isotopes as tracers .......-.-. 8, 296 
The technique of investigations with radio-active 
and stable isotopes. . . . 2... . « « «+ « 8, 330 
Bakker, C.J. 
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